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INTRODUCTION 
The last decade has witnessed the emergence of the so-
called ab initio calculations for molecules other than hydro­
gen^ . This somewhat weighty label refers to the fact that, by 
overcoming a series of mathematical difficulties (4, 5, 6, 7 
and 8), it has been possible to solve the electronic 
Schroedinger equation of such systems by sequences of succes­
sive approximations which are completely and unambiguously 
characterized as regards 1) the mathematical nature of the 
process of solution, 2) the mathematical validity of all ap­
proximations involved, and 3) the mathematical accuracy of the 
resulting wave functions and energies. 
This emphasis contrasts with the majority of previous ap­
proaches in which physical and chemical arguments were exten­
sively used to postulate and substitute simple over-all re­
sults for the more complicated parts of the quantum mechanical 
calculations^. While it might be intriguing to speculate over 
the psychological reasons for this shift in attitude, it can­
not be denied that the advent of high-speed computers has been 
a conditio sine qua non for the success of the more mathemati­
cally oriented work. For this reason, it can be expected to 
^See, for example, papers presented at the Conference on 
Molecular Quantum Mechanics held at the University of Colorado 
in June, 1959 (1). See also the bibliographies (2) and (3). 
2 mi J 3 ^  -L - -1 i r> r* - - - - -
» AAW V OO Xi l  fJ l i JL J .V & V Pl i  y Ui Ull t?  U WU c tu*"  
proaches are reflected in some remarks by Coulson (9). 
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grow in quantity as well as quality. 
It would be a mistake to draw from this development the 
conclusion that intuitive concepts must be sacrificed. But 
the progress does make it likely that previously available in­
tuitive interpretations may not have been adequate to cope 
with the full complexity of the problem. Starting from this 
premise, Ruedenberg (10) has recently suggested that a suit­
able analysis of the more mathematically reliable solutions 
may lead to an improved and more complete set of interpreta­
tive concepts which, in fact, may be closer to molecular real­
ity. As a first step towards the implementation of such a 
program, he has proposed an analysis based upon a partitioning 
of the molecular binding energy which is derived from a parti­
tioning of the electronic density and pairdensity. 
Execution of the proposed analysis for specific molecules 
and, preferably, series of molecules, is required in order to 
assess the efficacy of the scheme. It is hoped that, at least 
in part, such applications will be successful in crystallizing 
conceptual interpretations which correctly reflect those fea­
tures of the actual electronic distributions which are perti­
nent to the binding process. On the other hand, it is expect­
ed that they will also expose deficiencies and indicate neces­
sary improvements in the formulation of the method. 
An analysis of the hydrogen molecule ion (11) has led to 
i- Vt û /terminai nrt f ami nal Ki nrli n<r -i o + Th -c> H " 
tie-noticed interplay between the kinetic and potential energy 
which can be formulated in terms of inter-atomic constructive 
interference and intra-atomic contractive promotion. 
The same energetic interpretation appears in an investi­
gation of the hydrogen molecule (10). Here it was found, 
moreover, that in an electron-pair bond, interference result­
ing from the sharing of electrons between atoms is partially 
offset by an increase in electron repulsion associated with 
electron sharing, an effect which was called sharing penetra­
tion. 
An application to the water molecule (12) yielded addi­
tional information as regards the relation between destructive 
interference and anti-binding and non-bonded repulsions, as 
well as the effects of charge transfer. 
The usefulness of the analysis, for the comparison within 
a series of similarly treated molecules, was tested (13) on a 
set of diatomic hydride calculations (14). In contrast to the 
water case, they also included the effect of contractive pro­
motion which was found to be as important here as it had been 
for the hydrogen molecule and the hydrogen molecule ion. The 
increase in electronegativity was found to be reflected in 
charge transfer as well as in the interference energy, the 
latter accounting for the increase in binding energy. 
The present investigation applies the analysis to the ho-
monuclear diatomic systems Li^, Be^, C^, Kg and Fg. These 
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charge transfer, but more complicated in having two heavy at­
oms generating a more diverse variety of orbital interactions. 
For this reason, the members of the group show greater indi­
vidualities which the analysis does, in fact, bring out. The 
calculations analyzed (14) are similar in kind to those for 
the hydrides and, in particular, also include contraction pro­
motion. As in the case of the hydrides, the advantage of ana­
lyzing such a set of analogous wave functions was considered 
to outweigh the limitations inherent in the approximations. 
The observations made in the preceding investigations are 
largely confirmed in the present study. The major complica­
tions arise from having the possibility of hybridization on 
both centers. Classifications and trends are found, but it 
may be that improvements in the sharing penetration part would 
clarify the analysis. The present approach shows that the 
wave functions for the homonuclear molecules leave much more 
to be desired than those for the hydrides and it pin-points 
hidden deficiencies in these wave functions. 
In conclusion, it is felt that the present sequence of 
investigations, in answering some questions and raising oth­
ers, indicates the merit of further efforts towards reconcil­
ing intuitive thinking with the information embodied in bona 
fide molecular wave functions. 
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SUMMARY OF THEORY 
Basis of Analysis 
The present summary of the analysis is given in order to 
facilitate the understanding of the discussion and interpreta­
tion of the results in the subsequent sections. The detailed 
theory of the analysis can be found in the original article by 
K. Ruedenberg (10). Further discussions and qualitative in­
terpretations of the theory as well as the results obtained 
from the application to some molecular systems have been given 
in other reports (11, 12 and 13). The present investigation 
adds further interpretative details for discussing the results 
obtained from the analysis. In this summary, all formulas, 
definitions, and derivations are restricted to those which are 
pertinent to a SCF wave function for a homonuclear diatomic 
system. (See also the terminology used in Reference 15.) 
The basis of the analysis is a partitioning of the elec­
tron-density-operator, p , and of the electron-pairdensity-
operator, qy , for the molecular system under consideration. 
Both p and fr are calculable functions of the molecular wave 
function. Definitions, properties, and methods of calculation 
of p and 7T have been discussed in numerous articles (16, 17 
and 18). In general, p and TT are mathematical constructs 
found to be helpful in extracting useful information from com­
plicated wave functions which are assumed to be suitably well 
defined. Methods for calculating D and TT by an iteration 
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procedure rather than by first determining the wave function 
have also been given (19, 20 and 21) and the results are en­
tirely equivalent. 
All physically observable quantities, including the total 
molecular energy, are completely determined by P and fT * 
Naturally, approximate wave functions can only give approxi­
mate functions for p and 7T and thus an approximate value for 
any calculated quantity. In the present context we are mainly 
concerned with the energy effects associated with the various 
components of p and TT , since our objective is the analysis 
of the calculated molecular binding energy. This binding en­
ergy is defined to be the difference between the computed to­
tal molecular energy and the computed ground state energies of 
the separated atoms. 
In the basis of a set of atomic orbitals Aa(x), the elec­
tron density,p, and the electron pairdensity, fT , can be rep­
resented by the expansion 
P(x,x') = 2 p(Aa,Bb) Aa(x)Bb(xr) 
Aa,Bb 
TT(x1fx9) » 2 2 p(AaÂâlBbBfc) Aa(x1 )Ââ(x1 )Bb(x?)BT>(X9 ) 
Aa,Sâ Bb,% 1 
The coefficient matrices, p(Aa,Bb) and p(AaÂâjBbBE), are term­
ed the bond-order matrix and the pair-bond-order matrix re­
spectively. The total molecular energy E, which is defined by 
E = ZAZB/R + /dV H(x)P(x,xM + I(DVI/DV2 1/r121T(x1,x2), 
wir.n 
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h(x) = -èv2(x) - VrAx - ZB/rBx ; rAx ' |XA - X| -
can therefore be expressed in the matrix form 
E = Z.Zp/R + 2 p(Aa,Bb) [âa! hi Bb] 
c Aa,Bb 1 1 
+ \ S p( AaÀi! BbBb) ^AaAiI BbBbJ 
Aa,Aâ Bb,Bb 
where, \ka| h|Bb] are the one-electron energy integrals and 
[AaÀà|BbBbj are the electron interaction integrals. 
p and ff are now partitioned into the various components 
which are specifically defined and discussed in the theoreti­
cal derivation of the analysis (10). They are 
p(x,x*) = pQC(x,x') + p^iXfX1) 
TT(X1>X2) " 1TVS(x1,x2) + TTI(x1,x2) 
= 1TPS(X1,X2) + TTSP(x1 ,x2) + 7TI(x1 ,x2) 
In the homonuclear case, the quasi-classical density ( p^) is 
identical with the valence state density ( p^) and the pro­
moted state density (p^), and is expressible in terms of 
separate atomic contributions. The valence state pairdensity 
(TTVS) consists of a promoted state part (TT^) and a sharing 
penetration part (77^). 
From this partitioning of p and TT : the following decom­
position of the total molecular energy is obtained 
V. = TRS 4. J. T?G -L TP _L irQCl JL ft?SP JL TSP J. TTSPI I 
L A  A  ~ H  — K  " A M I  l _ A  ~ H  '  " A  R I  '  " I t t  
The energy terms in the first bracket are obtained from p^ 
pq 
and TT . They include the ground state energies of the at­
oms (Eg and E|), the promotion energy effects (EP and Eg), and 
the quasi-classical interaction energy between the two atoms 
when in their promoted states (E^g). The remaining terms a-
rise from the sharing of electrons between the atoms A and B. 
cp 
The energy terms in the second bracket are obtained from TT . 
They include the intra-atomic sharing penetration energies 
(E^P and EgP) and the inter-atomic sharing penetration energy 
(E^). The last term (E^g) is the interference energy which 
is obtained from j0* and TT*. For a homonuclear diatomic 
molecule, all intra-atomic terms are identical for the two at­
oms A and B. From the preceding equation results the follow­
ing decomposition for the molecular binding energy 
AE - E - 2E| = EP + EQ° + ESP + E1 
with EP - 2EP 
EQC _ 
ESP » 2E^P + EfP 
A AD 
EI = EIB 
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Promotion Energy 
Since the detailed breakdown of the promotion energy was 
left open in the original exposition, we give here the specif­
ic method adopted in the present analysis for this purpose. 
Because it is of interest to compare atomic promotion ef­
fects occurring in different molecules, it appears desirable 
to carry out the interpretative partitioning of the promotion 
energy in terms of orthogonal spherical atomic orbitals, i.e., 
in the present case, orthogonalized. Slater-type orbitals. On 
the other hand, the promotion state density and pairdensity, 
as extracted from the molecule, are expressed in terms of va­
lence atomic orbitals, i.e., certain hybrid orbitals which are 
determined by the requirement that the promotion state density 
matrix have a diagonal intra-atomic structure. It is there­
fore necessary to transform the promotion state matrices into 
the basis of spherical orbitals and, thereby, the density ma­
trix acquires off-diagonal terms. Hence, promotion state den­
sity and pairdensity are of the form 
P P P P 
P (x,x* ) =• £_p (Aa,AI) Aa(x) Aâ(xf ) 
a,a 
P  _  _  P  _ P P P P  
17 (1,2) = £ p (AaAâ AbAb) Aa(1) AS(1) Ab(2) Ab(2) 
a,a b,"B 
The ground state comes naturally expressed in terms of 
the spherical atomic orbitals, viz., 
10 
g g g g 
P (x,x*) = £_P (Aa,Aâ) Aa(x) Aâ(xf) 
a,a 
g g  g  g  g  g  
TT (1,2) » 2 2_p (AaAâIAbAb) Aa( 1 ) Aâ( 1 ) Ab(2) Ab(2). 
a,â b,b 
Promotion, i.e., the passage from p&, 77g to pP, 7fP 
consists of two changes : first, the change in the coefficients 
from pS(Aa,Aâ), pg(AaAâ|AbAb) to pp(Aa,Aâ), pp(AaAâ J AbAE) and 
g 
second, the change in the spherical atomic orbitals from Aa(x) 
to Aa(x) because the orbital exponents change from to 
Consequently, the promotion energy is divided into two parts. 
The first corresponds to the change in the coefficients p, 
while leaving the orbital exponents at their ground state val­
ues, and this is called hybridization promotion. The second 
corresponds to the changes in the orbital exponents £ , while 
p 
leaving the coefficients in their promotion state values p . 
It is called contraction promotion, expansion being considered 
as a negative contraction. The hybridization promotion energy 
(gPRH) an(j contraction promotion energy (Ep^) are defined 
by the following equations : 
E?rh = £ §p(Aa,Aâ) [Âa |h. I Aâl 
A a,à 
+ Z 2,_ §p( AaAâ I AbAb ) [ÂaAâ I AbAbl 
a,â b,b ' u 1 
with §p(Aa,Aa) = pP(Aa,Aâ) - pg(Aa,Aa) 
Sp(AaAâJ AbAb) = pP(AaAâJ AbAB) - p&(AaAâ j AbAb) 
hA " * ZA'/rA 
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and 
EfC= £_pP(Aa,Aa) SjAa|hjAâ| 
a j a 
+ £ 2 pp( AaAâ | AbAb ) S (ÂaAâ | AbABj 
with 
where [f|g] = fdV^fdV2 f( 1 )g(2)/r12. 
There remains the problem of apportioning the promotion 
energy to the individual orbitals. Such a prorating is neces­
sarily arbitrary but, if carried out with reason, it can 
nevertheless be instructive. 
The first step is the reduction of the quadruple elec­
tronic interaction sum to a double sum. This was achieved ac­
cording to the formulas: 
The second step consists in apportioning the orbital pair 
contributions to the individual orbitals. This was done dif­
ferently for the electron interaction terms than for the 
first-order terms. For the hybridization promotion, the fol­
lowing prorating was used: 
with £PR^(Aa,Aa) = S p ( AaAb j Aà Ab ) jXaAb AâAbj . 
b,b 
E™ = 2 EPRH(Aa) 
12 
where 
g P R H =  2  2 §p(Aa,Aa) 
I 
a 
_ §p(Aa,Aa) + §p(Aa,Aa), 
2 §p(Aa,Aa)pm(Aa) 
§p(Aa,Aâ) [Âaj h^j Ai] 
_ S p (Aa,Aa)pm(Aâ) + § p (Aa,Aâ)pm( Aa) 
£PRH(Aa,Aa) 
2 pffl(Aa) = p (Aa,Aa) + p&(Aa,Aa). with 
For the contraction promotion, the following prorating was 
used: 
EPRC = 2 EPRC(Aa) 
A a 
where 
EPRC(Aa) = I 
a 
2 S[Aa|hA|Aa] 
+ 2 
5 
S [Aa |hA| Aa] + S [Aa| hA| A^] 
2 §(NA;Aa)(NA;A5)m 
_S(NA;Aa)(NA;Aa)m + S(NA;Aa)(NA;Aa) 
pp(Aa,Ai) §(AaJhA|AS] 
mj 
(PRC(Aa,Aâ) 
with 
and 
S(NA;Aa) = (Aa |l/rA| Aa] - |A§ |l/rA| Aa] 
2(NA;Aa)ffl - jAa11/rj Aa] + [A! |1 A"A| AI] . 
Quasi-classical Interactions 
The quasi-classical energy terms are the purely electro­
static coulombic interactions between the two atoms A and B. 
That is, they are interactions between charge distributions 
where one also considers the nuclei as point charge distribu-
13 
tions. This includes the nuclear repulsion, the attraction of 
the quasi-classical electronic charge on B to the nucleus A, 
the attraction of the quasi-classical electronic charge on A 
to the nucleus B, and the repulsive interaction of these two 
electronic charge clouds, There are no charge transfer terms 
involved in the homonuclear diatomic systems. 
In terms of the VAO's, Aa, the quasi-classical density is 
expressed as 
nQC = £ P ( A )  = Z q(Aa) Aa2, 
A Aa 
where p(A) is the quasi-classical density attributable to at­
om A and q(Aa), the orbital population, is the amount of elec­
tronic charge contained in the charge distribution represented 
by Aa2. The expressions for the quasi-classical energy terms 
now follow directly from the density formalism presented ear­
lier. The attraction of the electronic charge on B to the nu­
cleus A is given by: 
/(-zA/rA) p(B)ciV = f(-ZA/rA) [£q(Bb)Bb2] dV 
Bb 
- Iq(Bb) [Bb[-ZA/rA| Bb] . 
Bb 
Likewise, the attraction of the electronic charge on A to the 
nucleus B is given by: 
/(-Zg/rg) p(A)dV = Zq(Aa) [ft.aj -Zg/rB| Aa] . 
Aa 
The interaction of the electronic charge on A with the one on 
H is given by: 
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/'dV1fdV2 (1/r12) p(A) p(B) = £ 2q(Aa)q(Bb) [Aa2| Bb2] . 
The total quasi-classical energy contribution to the binding 
energy of the molecule is thus given by: 
EQC = ZAZB/R + 2q(Bb) [Bb|-ZA/rA| Bb] 
Bb 
+ 2q(Aa) [Aa!-ZR/rJ Aa] + 2 2 q(Aa )q(Bb ) [âa2 Bb2] . 
Aa L 1 1 Aa Bb 
The total quasi-classical energy is now divided into or­
bital pair contributions, (Aa,Bb)Q^. E^, which is usually 
quite small and negative, is the sum of relatively large con­
tributions of opposite sign. That is, the nuclear repulsion 
(and the smaller electronic repulsion) is balanced off by the 
nuclear attraction terms. It seems desirable that the orbital 
pair contributions should exhibit this same effect. This is 
achieved by dividing the large nuclear repulsion term into or­
bital pair contributions. These contributions, furthermore, 
are of about the same magnitude as the corresponding electron-
nuclear attraction contribution. Thus, we define 
Z(Aa) = qP(Aa) = q(Aa) 
as that part of the nuclear charge ZA on nucleus A which is to 
be associated with orbital Aa. Upon introducing this parti­
tioning of the nuclear charge ZA, one obtains : 
eQ° = 2 2 (Aa,Bb)QC ; (A + B) , 
Aa Bb 
where the pair contributions are defined by: 
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(Aa,Bb)QC - q(Aa)q(Bb)/ZAZg^ZAZB/R + Zg [Bb| -ZA/rA| Bb] 
+ ZA[Aa|-ZB/rB|Aa] + ZAZg [Aa21 Bb2]} . 
The orbital pair contributions, (Aa,Bb)^, are called shielded 
nuclear attraction (SNA) energy terms. (Note that in this us­
age of the term, we have included nuclear repulsions.) 
In order to facilitate the discussion of the orbital pair 
contributions in the various molecular systems, it is conven­
ient to express (Aa,Bb)^ in the form: 
(Aa,Bb)QC - q(Aa)q(Bb) {l/R + [Bb|-1/rA| Bb] 
+ [Aa | -1 /rg| Aa) + {Aa2 {Bb2]] . 
The expression in the curly brackets represents the quasi-
classical interaction between two unit nuclear point charges 
at an internuclear distance of R and two unit electronic 
charge clouds represented by the charge distributions, Aa2 and 
Bb . The orbital populations act simply as proportionality 
factors as far as the interpretation of the results are con­
cerned. The expression in the bracket is called the normal­
ized quasi-classical energy between the orbitals (Aa) and 
(Bb). 
Sharing Interference Interactions 
The interference energy terms arise because, as a conse-
anence of electron sharing, the actual densitv Dix) differs 
I  
from the quasi-classical density p^^(x) by the inter-atomic 
16 
interference density p*(x). The latter can be decomposed in­
to orbital pair contributions as follows: 
*(x) = £ £ p(Aa,Bb) -fAa(x) Bb(x) 
Aa Bb 
- i S(Aa,Bb) [Aa2(x) + Bb2(x)jJ 
where the p(Aa,Bb) are the aforementioned bond-orders. Each 
orbital pair contribution represents a shift of electronic 
charge from one part of the molecule to another. The basic 
shifts are from the atoms into the bond region or vice versa. 
But in the sequel, more intricate redistributions will be 
found. For the pairdensity a similar interference effect ex­
ists. 
Similar to the quasi-classical interactions, the sharing 
interference can therefore be written as a sum of orbital pair 
contributions : 
E1 = £ £ (Aa,Bb)1 ; (A + B) , 
Aa Bb 
and each pair consists of a kinetic and a potential part. The 
kinetic interference energy arises since addition of the in­
terference density p* to p^ modifies the gradient of the 
electronic distribution. The potential part can again be sub­
divided into two parts. The major term describes the interac­
tion between the density term p* and the two shielded nuclei, 
i.e., the attraction by the two nuclei and the repulsion by 
the respective shielding electrons. The minor part arises 
irom additional otner electronic interactions. 
17 
If the bond-order p(Aa,Bb) is non-vanishing, the orbital 
pair contribution can be written as the product, 
(Aa,Bb)* = p(Aa,Bb) (Aa,Bb) , 
where (Aa,Bb) is the resonance integral between the two or­
bitals o It represents the interference energy between the two 
orbitals for unit bond-order. If the bond-order vanishes, the 
interference energy has no kinetic part and the potential 
parts are both relatively small. 
Sharing Penetration Interactions 
The sharing penetration energies arise from the exchange 
part of the pairdensity and hence contain only electronic in­
teraction terms. They describe the changes in the electronic 
interaction resulting from the fact that, in the molecule, the 
electrons are shared between the atoms. 
Electron sharing materially changes the probability of 
finding two electrons on the same atom, as well as the proba­
bility of finding simultaneously one electron on A and the 
other on B. The latter change is essentially described by the 
inter-atomic sharing penetration pairdensity, 
TT"AB ~ S^(Aa,Bb) Aa2(x1 ) Bb2(x2 ) ; 
the former by the intra-atomic sharing penetration pairdensity, 
= £ qS(Aa,Aa) Aa2(x1) AI2(x?). 
a,a 
In these formulas, the 
16 
qS(Aa,Bb) = -qx(Aa,Bb), 
are the negative inter-atomic exchange pairpopulations derived 
from 
Trx(xi>x2) " P(x1)p(x2) - TTfx^Xg). 
The intra-atomic coefficients are derived from these inter­
atomic coefficients by: 
qS(Aa,Aâ) = qs(Aa)qS(Aâ)/ £ qS(Aa) 
a 
with 
qS(Aa) =£ q ( Aa, Bb ), (B ^  A). 
b ^ 
qp qp 
Actually, as well as 17^ contain additional smaller 
terms. 
In view of the foregoing, the corresponding electronic 
interaction energies, i.e., the sharing penetration energies, 
can be decomposed by orbital pairs: 
EAB * /dTlfdï2 1/r12 -TTÎB * a\ |Aa-Bb,SP' (A * B)i 
E®p = i /dV1j'dV2 1/r12 TT®P » 2_ (Aa,AS)SP. 
a ,a 
If the intra-atomic cross terms (a ^ â) are attributed equally 
to both partners, one obtains the decomposition into orbitals: 
Ef = £ ( Aa )SP 
A a 
with 
/ A i \ — ) ( A A ^ 1 Ol** 
\ aa. / — <—. x aa j aa / * 
I 
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OUTLINE OF CALCULATIONS 
General Remarks 
The starting data for the analyses were the wave func­
tions described above which were obtained from Dr. B. J. 
Ransil at Chicago. This data was given in the form of the co­
efficients which determined the occupied MO's as LCAO-MO's and 
all of the corresponding one- and two-center, one- and two-
electron integrals. These integrals included all of the over­
lap, kinetic, nuclear attraction, and electron interaction in­
tegrals. All data was obtained in terms of the nonorthogonal 
STO basis set of atomic orbitals and atomic units (a.u.) were 
used throughout1. 
All arithmetical calculations and manipulations used in 
the analysis were done on the Cyclone computer. This computer 
is a high-speed digital computer with a random-access static 
core memory and paper tape input-output. It was built by the 
Electrical Engineering department at ISU and is a modified 
version of the Illiac at the University of Illinois. The pro­
graming of the analysis was done in basic machine language and 
was generalized for any diatomic molecule, including the het-
eronuclear cases. Most of the arithmetical operations used in 
-  o  
The a.u. are: length, 1 a.u. » 0.5293A 
energy, 1 a.u. = 1 Hartree = 2?.20$2eV 
Atomic units were used throughout the analysis except for the 
reporting of the final results. The enerzv decomposition nre-
sented by the figures and tables contained in this report are 
in units of eV's unless specifically noted as being otherwise. 
20 
the analysis were standard matrix operations and much of the 
programing consisted of writing subroutines for these opera­
tions. 
Because of limited memory capacity of the computer, all 
matrix manipulations were executed with the submatrices rather 
than with the total matrices. This also allowed one to take 
advantage of the symmetry properties of these matrices. As a 
means of checking for computational errors, the total molecular 
electronic energy was recalculated after each major step in 
the analysis. Although not foolproof, it is believed that all 
computational errors have been detected and corrected by this 
procedure. One reason for believing so is the high consist­
ency in the numerical accuracy of the results which was main­
tained throughout the analysis. Another is the highly improb­
able occurrence of two or more simultaneous errors which would 
tend to exactly cancel themselves. 
Transformation to Valence Atomic Orbitals 
The first step in the analysis was the calculation of the 
bond-order matrix, p(Aa,Bb), and the pair-bond-order matrix, 
p(AaAajBbBb), for which the definitions have been given in an 
earlier report (10). These matrices, calculated in terms of 
the nonorthogonal atomic orbital basis set, and the corre­
sponding energy integral matrices were then transformed into 
an orthogonal atomic orbital set. after the transformation ma­
trix had been determined by Schmidt's orthogonalization pro­
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cedure. 
The next step involved the calculation of a basis set of 
hybrid "valence atomic orbitals, VAO". These were determined 
by locally diagonalizing the intra-atomic submatrices of the 
bond-order matrix (10). The eigenvectors thus obtained were 
used to construct a second orthogonal transformation matrix 
which was used for transforming all matrices into this new ba­
sis set of VAOr s. It was in terms of these VAO1s that the 
partitioning of the densities (and molecular energy) was per­
formed. Only the promotion effects, which are reported in 
terms of the orthogonal STO basis set, do not involve the 
VAO's. 
Partitioning into Interference Terms 
and Interference-Free Terms 
The separation of the interference effects was the next 
step in the analysis and the first step in the actual parti­
tioning of the densities and the corresponding energies. It 
involved the calculation of the interference energy integrals 
and new coefficient matrices, as well as the corresponding in­
terference energy terms. Also obtained at this time were the 
"orbital population numbers", q(Aa), which correspond to 
Mulliken's "gross atomic populations", and the division of 
q(Aa) into a valence-inactive part, p(Aa), and a valence-
active part, v(Aa). At this stage of the analysis, the first-
and second-order densities (and corresponding energies) have 
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been divided into an interference part and an interference 
free ("valence state") part. 
Sharing Penetration and Quasi-classical Terms 
After the isolation of the interference effects, the 
sharing penetration effects were next separated out according 
to the formulas prescribed in the theoretical derivation of 
the analysis (10). Since sharing penetration involves only 
the electron-pairdensity, this corresponds to the separation 
of the valence state pairdensity into a sharing penetration 
part and a promoted state part. For the first-order density, 
the promoted state is equivalent to the valence state and no 
distinction exists between the two. The calculation of the 
sharing penetration effects was accomplished by calculating 
new coefficient matrices, i.e., by separating the valence 
state pairdensity coefficient matrix into the two parts men­
tioned. Following this, the quasi-classical energy effect a-
rising from the interactions between the atoms in their pro­
moted state densities was calculated. This, as well as all of 
the other energy effects mentioned previously, was calculated 
in terms of orbital pair contributions which, when summed to­
gether, give the total. 
Promotional Terms 
The next step in the analysis was the calculation of the 
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the differences between the ground state and the promoted 
state densities of the separated atoms. The ground state den­
sities and energies of the atoms were first calculated as well 
as the promoted state energies. In the SAO cases, the Slater 
orbital exponents were also used in the ground state wave 
functions. In the BAD and BMAO cases, the ground state wave 
functions were assumed to have the BAO orbital exponents, 
since they give the lowest ground state energies. The only 
promotion effect in the SAO and BAO calculations is that due 
to the hybridization of the orbitals, i.e., "hybridization 
promotion". It is calculated as the difference between the 
ground state and promoted state energies in these cases. In 
the BMAO calculations, there are, in addition to hybridization 
promotion, promotion effects arising from the changes in the 
orbital exponents, i.e., "contractive promotion". They result 
from the differences in the energy integrals used in calculat­
ing the ground and promoted state energies. 
Preparation of Tables 
The final step of the analysis was the accumulation and 
sorting of the final energetic results in a more suitable tab­
ular form similar to that used in the figures contained in 
this report. At this time the results were also converted in­
to the units of electron volts, eV. All of the final and in­
termediate results of the analysis have been punched out on 
paper tape and most of them have also been printed. Some 
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plots of the interference densities were made and were found 
to be quite useful in the interpretation and understanding of 
the interference energy effects. Figures which show the over­
all general trends of the various energy components in the 
different molecules and for the different approximations were 
also made. 
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DESCRIPTION OF MOLECULAR SYSTEMS AND WAVE FUNCTIONS 
The molecular systems analysed are the homonuclear dia­
tomic molecules, Li^, Beg, Cg, Ng and Fg. All of the molecu­
lar ground state wave functions, as well as the corresponding 
integrals needed for computing the molecular energy, for these 
systems were obtained from Dr. B. J. Ransil at the Laboratory 
of Molecular Structure and Spectra, University of Chicago, 
Chicago, Illinois (14). This data formed the starting point 
for the present investigation. The wave functions were calcu­
lated as a single-determinant limited SCF LCAO-MO approxima­
tion to the accurate ground state wave functions, based on a 
minimal set of Slater AO's. The terminology used here follows 
that of Mulliken (15) and Ransil (14). That is, on both atoms 
there were used at most the 1S, 2S, 2Bj~y 2?jr and 2Pff orbit-
als. 
For each molecular system, three different wave functions 
were computed which differed only in the manner in which the 
orbital exponents of the basis atomic orbitals are determined 
(14). In the first case, the ^ 's are determined by Slater's 
rules ("Slater orbitals"). This wave function and the analy­
sis associated with it will be referred to as the "SAO case". 
In the second case, the ^ 's are determined by minimizing the 
separate atomic ground state energies ("best atom atomic or­
bitals (BAO)"). This case will be referred to as the "BAO 
case". In the third case, the ^ 's are determined by minimiz­
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ing the total molecular energy ("best molecular orbital atomic 
orbitals (BMAO)"). This case will be referred to as the "BMAO 
case". Thus, three analyses are carried out for each molecular 
system, and the results are given in the appendix. Since it 
was found, however, that in general there is little difference 
between the SAO and the BAO cases, the discussion will be con­
cerned mainly with the SAO and the BMAO cases. 
The calculations for each molecule were not made at the 
theoretically determined equilibrium distance, but at the ex­
perimentally observed equilibrium internuclear distance. In 
the unknown Be^, this distance was chosen arbitrarily. Con­
sequently, the results obtained do not satisfy the virial the­
orem. In all cases, the absolute error in the total molecular 
energy was greater than the computed dissociation energy. In 
spite of these limitations, it is believed that the following 
discussion will exhibit some significant physical aspects of 
chemical binding in these molecular systems and will allow a 
certain amount of comparison between them. 
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GROSS ENERGY BALANCE 
The basis for the analysis is a decomposition of the mo­
lecular binding energy into four parts ascribed to promotion­
al, quasi-classical, sharing penetration and sharing interfer­
ence interactions. Each of these parts is further examined 
according to intra- and inter-atomic contributions from orbit­
als and orbital pairs and also according to their energetic 
origin, i.e., kinetic, nuclear-electronic or inter-electronic. 
This complete breakdown is given in the appendix for all mo­
lecular calculations. Thus, there are three analyses for each 
molecule corresponding to the SAO, BAO and BMAO approxima­
tions. 
Before discussing these molecular analyses in detail, it 
is of interest to consider the over-all behavior of the four 
basic interactions mentioned above. A comparative graphical 
representation is given in Figure 1, which information is ex­
tracted from the first table of each of the analyses in the 
appendix. Since the BAO results closely parallel the SAO re­
sults, they are omitted from the plot. Each curve represents 
a running total. 
The curves show a satisfying similarity to each other and 
to similar plots obtained in the previous investigations (11, 
12 and 13). In spite of this apparent similarity, a profound 
difference exists, however, between the systems Lip, N? and 
F2 on one hand and Beg and Cg on the other hand. For this 
BE 
OC 
BONO ATOM BONO BONO 
PR SP QC SP SI 
C BONO ATOM BONO BOND 
PR QC SP SI 
C BONO ATOM BONO BOW 
PR SP PR QC 
C BONO ATOM BOND BOND QC SP SI C BONO ATOM BO^ BOND 
PR 
- - 40 
- -  40  
-  40  
-0, 
PR I QC SP SP PR I  QC SP PR QC SP SP 
Figure 1. Theoretical molecular binding energy decomposition 
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reason these groups are distinguished in the figure. The 
former group has an odd number of electrons per atom while 
the latter has an even number. The experimental molecular 
ground state is a singlet for the members of the former group. 
a triplet for and unobserved for Be^ (if existing, a tri­
plet would be expected), The present singlet wave functions 
for the latter two molecules must be regarded with caution. 
It is not clear whether, or how close, they approach an actu­
al physical situation. The theoretically predicted equilib­
rium distance may be far from that used for Cg and it may be 
non-existent for Be^. Note also that binding is not obtained 
for either of them. It is rather surprising that the Be^ and 
Cg plots in Figure 1 do conform to the general pattern, since 
the detailed examination will indeed reveal considerable pe­
culiarities in their wave functions. 
In each curve, the first two points correspond to the 
combined promotion effects of the atoms. Hybridization pro­
motion is labelled H and contraction promotion is labelled C, 
The former is quite large in and Ng and small in Lig, Be^, 
and F^. The explanation of these values are given in a sub­
sequent section. In all cases, the contraction promotion 
appears to be very small but it is consistently the result of 
a considerable drop in potential energy and a compensating in­
crease in kinetic energy indicating an average contraction in 
agreement witn previous conc lusions i i i . \ v. ana i i i. 
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The next point on the curve represents the quasi-classical 
interactions, i.e., the electrostatic potential energy aris­
ing when the atomic charge clouds, including the nuclei, are 
moved from infinity to their equilibrium positions. In all 
cases it is attractive and less than 5 eV. 
The last three points describe the energy contributions 
from electron sharing. The first two show the characteristic 
increase in electron repulsion due to sharing penetration. 
The positive intra-atomic contributions (first point) always 
outweigh the negative inter-atomic contribution (second 
point). The final point furnishes the energy effects arising 
from the interference between the orbitals of the two atoms. 
According to all previous experience, this interaction is the 
crucial element in chemical binding. In the present study, 
two types of anomalous behavior are found. First, the afore­
mentioned peculiarity of the Be^ and molecules finds ex­
pression in the fact that the kinetic part of the interference 
energy is positive and the potential part is larger and nega­
tive, in complete contradiction to all other cases so far ana­
lyzed. In view of the uncertainty connected with these wave 
functions, it is difficult to assess the meaning of this as 
well as the other aberrations in Be^ and C^. Second, the 
present Li^ calculations yield the unique examples of a posi­
tive total interference effect, although the signs of the 
v • v saa iu v u vu w .kMOi vu k_> A v* 1IV4 UiU JL. VtlCl V XVX • iiiC LU CdllXll^ 
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of this deviation is also uncertain since the violation of the 
virial theorem appears to indicate that the calculation has 
been performed at a distance markedly shorter than the theo­
retically predicted equilibrium position. 
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ELECTRONIC DISTRIBUTION 
The five molecules studied separate into two categories 
with quite different characteristics. The first group is 
formed by Li^, N^ and F^, where each atom contributes an odd 
number of electrons to the MO's. The second group, Be^ and 
Cg, is characterized by each atom contributing an even number 
of CT electrons. 
Within the first group, there is a notable difference in 
the composition of the bonding and lone-pair valence hybrids 
depending upon the occupation of the lone-pair orbital. Ex­
actly the same observation was made and explained in the study 
of the hydride molecules. For Lig, with no lone-pair elec­
trons, the bonding orbital is predominantly 2S and the lone-
pair is predominantly 2POI The actual weighting of the 2S 
contribution to the bonding orbital is smaller in LiH (60$) 
than it is in Lig (94%), but the latter fraction may not be 
too reliable because there is some question with regard to the 
present Lig calculation since it has not been executed at the 
theoretically determined equilibrium distance. This leads to 
a rather large relative deviation from the virial theorem and 
also is suspected of producing unreasonable interference en­
ergy values. In Ng and F^, the lone-pair orbital is doubly 
occupied and therefore preempts the available 28 orbital so 
that the dominant part of the bonding orbital becomes 2PCH In 
this respect, the Ng molecule differs from the particular 
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state of the NH molecule treated in the hydride series. Rath­
er, the (J1 valence orbitals in are similar in character to 
those of the boron atom found in the BH calculation. For both 
cases, the 2PCT character of the bonding orbital is about 83$. 
The 2S character is 17$ in BH and 16$ in The (Jvalence 
orbitals in F^ are very similar to those in HF, about 90$ 2PCT 
character in the bonding orbital. (In HF it is 88$.) 
The systems of the second group, Be^ and C^, have doubly 
filled 2CF and 20^ MO1s. Since S-P hybridization appears to 
be too costly, both MO's have only a minor 2PCTadmixture. If 
this mixture were zero, then one would have the situation of 
two doubly filled lone-pair orbitals with non-bonded repul­
sions. Actually, the lone-pair valence orbital, possessing 
more than 96$ 2S character, is found to have the approximate 
population of 1.7 whereas the bonding orbital, with more than 
98$ 2FCT character, is populated by approximately 0.3 to 0.4 
electrons. The exact values are given in Table 1. 
Table 1. Populations of lone-pair orbital and bonding 
orbital in Be^ and Cg 
Orbital 
SAO 
Beg c2 
BMAO 
Beg C2 
b 0.323 0.411 0.253 0.323 
1 1.686 1.586 1.761 1.699 
34 
PROMOTION 
Hybridization 
In order to find the effect of hybridization promotion, 
suitable ground state wave functions must be chosen. 
For lithium, this function is the determinant for the 
(1S^2S) configuration. Promotion therefore consists in 
changing the 23 orbital into a bonding hybrid involving a 
shift of charge of about 0.05 electron from the 2S to the 2P(T 
orbital. 
The nitrogen ground state is a ( 1 S^2S22îtj2Pir 2P7T ) 
determinant. The fluorine ground state is a ( 1S22S^2Bj2Pw2 
2PTT2) 2p determinant. In both of these, promotion consists 
in adulterating the 2S lone-pair by some 2FtT admixture and 
transforming the singly occupied 2PCT orbital into a bonding 
hybrid by adding some 2S character. The net effect is the 
loss of 2S and the gain of 2P(T character by one electron. 
Thus, in nitrogen, with the aforementioned strong hybridiza­
tion, there is a considerable charge shift (0.20 electrons in 
the SAO approximation, 0.13 electrons in the BMAO approxima­
tion) from the 25 to the 2RXorbitals. In fluorine, the 
charge shift is only 0.03 electrons because of the minute hy­
bridization. 
The ground state of beryllium is the (1S^2S2 ) ^S deter­
minant. For carbon it is a ( 1S22S22PTT2Pfr) 3p determinant. 
In both cases, promotion consists in removing part of an 
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electron from the 2S (which essentially remains a lone-pair 
orbital) and placing this charge into the 2PCTorbital, the 
bonding orbital. The amounts of charge shifted are identical 
with those given in Figure 2. 
The promotion energies resulting from these hybridiza­
tions in the SAO and BMAO approximations are summarized, by 
orbitals, in the first two sections of Figure 2. Also in­
cluded, as the first column for each atom, are the correspond­
ing population changes (Ap) which have just been discussed. 
They are the changes of the diagonal elements of the bond-
order matrix. While it is true that the listed energy values 
also contain contributions from off-diagonal elements, espe­
cially from electronic interaction, these are generally minor. 
Only in Beg and Cg do the 1S-2S cross terms gain some influ­
ence on the total. 
In all cases, removal of charge from an orbital decreases 
the kinetic and increases the potential energy of that orbit­
al. Addition of charge generates opposite changes. Nearly 
always the change in potential energy dominates. In view of 
the foregoing, the over-all energy increase due to hybridiza­
tion, is basically due to the decrease in nuclear attraction 
in moving charge from the 2S to the 2PCTorbital. In Lip and 
Ng, this effect also dominates over the not negligible drop in 
energy associated with the slight charge shift into the 1S or­
bital. Since the present definition or promotion densities is 
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not derived from atomic wave functions, the 1S population can 
increase beyond two, a fact which accounts for the slightly 
negative promotion energy in the SAO calculation of Li2. In 
Be^ and C^, the 1S promotion has the opposite sign and, in the 
BMAO case, is quite substantial. 
Contraction and Expansion 
The third section of Figure 2 gives the promotion energies 
arising from the contraction and expansion of the AO's in the 
BMAO calculation, with reference to the BAO calculation. The 
energy differences are the results of the changes in the vari­
ous orbital exponents calculated for the hybridized promotion 
state. The orbital exponent modifications (A^), in going 
from the BAO to the BMAO case, are also listed in the first 
column for each molecule. 
The magnitude of the energy values can be understood 
from the changes in orbital exponents and the population of 
the orbitals in the promoted state. For example, the kinetic 
contribution to the contractive promotion is approximately re­
produced by: 
&p [^2(BMAO) -£2(BA0] = P(£A£ ) - p( £ A £)(27.2) eV, 
where p is the orbital population. Thus, for example, the 
very large effect in N2 is the result of the large population 
(1.20) and the large A^. F2 has a large population (1.03) 
but a small A £, while C0 has a large A (but a smaller popula­
tion (0.43), both factors are even smaller in Be2 and very 
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small in Lig. The really large changes in the orbital expo­
nents are the increases in the 2PCTorbitals. This is in agree­
ment with the repeatedly expressed idea that contractive pro­
motion is linked to constructive interference. The changes in 
the other orbital exponents seem to be determined by a more 
complicated chain of cross influences. We consider it, how­
ever, very significant that in all cases the total molecular 
contractive promotion shows the following characteristics: 
the kinetic energy increases, the potential energy decreases, 
and the total energy change is positive, but small compared to 
its kinetic or potential parts. In short, contractive promo­
tion essentially shifts energy from the potential to the ki­
netic category and this shift is at least of the order of 
magnitude of the calculated binding energy. Except for Cg, 
this behavior of the contractive promotion also determines the 
signs of the kinetic and potential parts of the total BMAO 
molecular promotion energy. 
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QUASI-CLASSICAL INTERACTION 
Factors Influencing Quasi-classical Energies 
A great variety is observed in the orbital pair contribu­
tions to the quasi-classical energy in the various molecular 
systems. It indicates that many factors are involved. 
First, there is the weighting factor for each orbital 
pair, which indicates how many times the orbital interaction 
occurs in the total. Thus, a pair involving two analogous or­
bitals, such as (b,bf), has a weighting factor of one, where­
as, pairs involving two different orbitals (cross terms) have 
a weighting factor of two since either orbital can be on ei­
ther atom, e.g., one has (jH,bT ) and (b, Jl' ). Finally, all 
pairs involving a 7f orbital are subject to an additional 
doubling to account for the equivalent qf contribution. Thus, 
for examples, the (JL,bT) and (17terms have a weighting 
factor of two, and so has the (1T, Tf ') term, but the (X,7ff) 
term has a weighting factor of four. 
Secondly, there is the population factor, i.e., the prod­
uct of the two orbital populations. Each orbital pair contri­
bution is the product of the population factor and a "normal­
ized" quasi-classical interaction energy between the two 
orbitals. The latter is the sum of the quasi-classical inter­
actions arising between two unit nuclear point charges and the 
two unit electronic charge distributions represented by the 
densities of the specific orbitals involved. The population 
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factors vary from zero, when one or both of the orbitals are 
unoccupied, to about four which is common between doubly oc­
cupied i or 1 orbitals. 
The normalized quasi-classical energy ("Coulomb Inte­
gral") of an orbital pair represents the electrostatic inter­
action between two neutral units. In each unit, the elec­
tronic cloud can be considered as "shielding" the nucleus. 
The effectiveness of this shielding depends upon the relative 
diffuseness of the electron cloud as well as its polarization. 
By "relative diffuseness" is meant the average diameter of the 
orbital cloud as compared to the internuclear distance. A 
relatively diffuse distribution tends to have a poorer shield­
ing effect and a larger interaction energy than a contracted 
distribution which, otherwise, has the same polarization char­
acteristics. Thus, the inner orbitals generally exhibit a 
high shielding effect. The overlap integral, S, gives a rough 
indication of shielding for fixed polarization. A large S 
indicates little shielding, while a very small S indicates al­
most complete shielding. 
On the other hand, the polarization of the orbital cloud 
is of paramount importance. For example, a cloud will have a 
larger interaction with the other atom, if it is concentrated 
between that atom and its own nucleus. One can say that its 
nucleus is better shielded by such a polarized cloud. But the 
ni ntiirc h<arnmpQ IP5S ant. pt. r.hp nm nt. whpre a =: t'rpniipnt. Iv 
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occurs, the interaction of the polarized electron cloud with 
the other atom, in particular its nucleus, becomes the dom­
inant effect. It stands to reason that the electron-nuclear 
attraction terms are much more sensitive to the polarization 
effects than to variations in the diffuseness of the electron 
cloud. But for the electron-electron repulsion terms, both 
effects are consequential. The influence of polarization in 
simple interactions is shown in the comparative calculations 
by Fraga and Mulliken for various charge distributions in some 
valence bond structures, especially for H2 (22). (They used 
the term "coulomb energy" for the interaction effects which, 
here, are referred to as quasi-classical.) Their results form 
a good introductory review to the quasi-classical effects 
associated with various spatial arrangements of charge distri­
butions. 
A given charge distribution can be contracted by an in­
crease in the orbital exponent, ^  , but also by a change in 
hybridization, such as 1S and 2S mixing, and frequently both 
changes occur together. The polarization of the orbitals is 
largely due to hybridization, as given by the VAO decomposi­
tion in the appendix. But polarization of hybrid orbitals can 
also be influenced by changes in the £ values, especially the 
2PCT £ value. 
The final factor to be considered is the internuclear 
distance. At very small distances, the quasi-classical inter-
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actions are always repulsive since the nuclear-nuclear term is 
overwhelming. In the case of the TT-ff interaction, this re­
mains so for all distances. The (j* interaction terms become 
attractive in the range of actual interest. At very large 
distances, i.e., for small overlap values, the S-S interaction 
remains attractive, whereas the P0-P(J interactions become re­
pulsive due to quadrupole interactions. As a general rule, 
the smaller the internuclear distance, the larger the quasi-
classical interaction will be and vice versa. This is so, 
since the electronic repulsion (shielding) increases less than 
the nuclear-electronic attractions as charge clouds approach 
and interpenetrate each other. 
Discussion of Principal Contributions 
Many of the orbital pairs, such as those involving an in­
ner orbital, make an insignificant contribution to the total 
quasi-classical energy. On the other hand, a relatively few 
of the orbital pairs invariably contribute most of the total 
energy. In Table 2 the principal orbital pair contributions 
are summarized for the various molecular systems. Only the 
results of the BMAO and the SAO calculations are given since 
the BAO calculation shows only minor variations from the SAO 
case. In order to facilitate the discussion, the table con­
tains the following pertinent information: the internuclear 
Hi (st.an^os -hhc> woi crhti ncr faf>tnr> fnr» earh mnf/riXnf irtn f cri won 
in parenthesis under the orbital pair designation), the 
Tab.e 2. Comparison of main quasi-classical contributions 
L12 N2 
SAO 
F2 Be2 C2 
CN 
•
H •-} 
N2 
BMAO 
F2 Be2 C2 
HliL< u. ) 5.05 2.07 2.68 3.78 2.35 5.05 2.07 2.68 3.78 2.35 
Binding Orbital Pairs 
b ,b 
( 1 )  
Norm E 
Popul. 
Ov'lap 
-1.02 
0.99 
0.77 
-2.60 
0.91 
0.72 
0.35 
0.99 
0.22 
-1.83 
0.10 
0.37 
-2.84 
0.17 
0.42 
—0.94 
0.99 
0.75 
-1 .27 
0.92 
0.62 
0.33 
0.99 
0.25 
-1.09 
0.06 
0.37 
-1.24 
0.10 
0.39 
JL,b ' 
(2) 
Norm E 
Popul. 
Ov* lap 
0.00 
0.36 
-2.43 
1.95 
0.30 
-0.29 
1.99 
0.12 
-1.08 
0.54 
0.45 
-1.75 
0.65 
0.46 
0.00 
0.32 
-2.19 
1.95 
0.30 
-0.32 
1.99 
0.14 
-0.90 
0.45 
0.41 
— 1 .26 
0.55 
0.34 
b^T 
(4) 
Norm E 
Popul. 
—  —  -1.98 
0.95 
-0.20 
1.99 
-1.43 
0.41 — 
-1.72 
0.96 
-0.22 
1.99 —  —  
-1.08 
0.32 
Antibinding Orbital Pairs 
( 1 )  
Norm E 
Popul. 
Ov'lap 
0.00 
0.03 
1.42 
4.18 
0.05 
0.11 
4.02 
0.06 
-0.12 
2.84 
0.40 
0.02 
2.51 
0.37 
0.00 
0.15 
1.18 
4.18 
0.17 
0.11 
4.03 
0.06 
-0.22 
3.10 
0.47 
-0.25 
2.88 
0.38 
1,7)"' 
(4) 
Norm E 
Popul. —  —  
0.73 
2.04 
0.06 
4.01 
— —  0.24 
1.58 
— 0.68 
2.04 
0.07 
4.01 
— —  0.09 
1.70 
TT/TT 
(2) 
Norm E 
Popul. 
Ov1lap 
0.62 
1.00 
0.28 
0.08 
4.00 
0.05 
— —  
0.63 
1 .00 
0.32 
— 
0.65 
1 .00 
0.29 
0.09 
4.00 
0.05 
—  —  
0.64 
1.00 
0.32 
17,71'-' 
121-
Norm E 
Popul. 
— — 0.28 
1 .00 
0.03 
4.00 
— —  0.30 
1 .00 
—  —  0.30 
1.00 
0.03 
4.00 
— — 0.31 
1.00 
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normalized energy effects (Norm E), the population product 
factors (Popul.), and the overlap integrals (Ov'lap) when dif­
ferent from zero. 
Binding are, in general, the (b,bT ), (i-,b') and (b,7T ' ) 
contributions. (See first section of Table 2.) 
The usual attraction of the (b,b') term is associated with 
the localization of the electrons between the two nuclei 
whereby the electronic nuclear attraction becomes the over­
whelming effect. This is accomplished by b orbitals which are 
mainly 2PCTcharacter or are strongly polarized S orbitals. 
The former usually has a more favorable effect, although this 
depends upon the diffuseness of the orbitals and the inter­
nuclear distance. A strongly polarized S orbital, while very 
favorable, is somewhat handicapped by the increase in the 
electronic repulsion arising from having the majority of its 
charge in the bond region. The population factor, which is 
always one or less, as well as the weighting factor of unity 
place a definite limit on the total affect of the (b,b' ) con­
tribution. 
In many instances the (JL,b') interaction becomes the pre­
dominant attractive contribution, because it has the weighting 
factor two and a larger population factor which, in some 
cases, gets as large as three. Moreover, its normalized en­
ergy, too, is relatively large and attractive because of the 
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2S character, somewhat polarized away from the other nucleus 
and quite diffuse. The interpénétration of the orbitals, as 
indicated by the relatively large (jd,bT ) overlap, does not in­
crease the electronic repulsion too much since it arises from 
rather diffuse distributions. Thus they counteract little the 
large nuclear attraction for the b orbital distribution 
(largely located in the bond region) which is the predominant 
effect. The more strongly polarized both orbitals are, the 
larger the normalized energy is. 
The total (b,77') contribution is quite large because of 
the large weighting factor of four. The reasons for the 
large attractive nature of the (b,7Tt) interaction are much 
the same as those noted for it,b') interaction. Again, the 
normalized energy effect increases with increased polarization 
of the b orbitals. 
The remaining interactions, namely { f t ,  V ) ,  ( £ , TTt ) ,  
(TTJTT') and (TT,7f), are usually repulsive. The (£, i.1 ) in­
teraction is repulsive when the lone-pair orbital is suffi­
ciently polarized away from its nucleus since, thus, the 
nuclear-nuclear repulsion is domineering. This is the more 
common case and the repulsion can be substantial. If, on the 
other hand, the lone-pair becomes close to being pure 2S. then 
the (i, JLf ) interaction can become somewhat attractive, e.g., 
in Beg and Cg. In any case, this contribution is important 
since it usually has a large population factor (between three 
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and four, unless it is zero). 
The (JZ, IT') interaction is similar to the (b,77') inter­
action except that it is now repulsive since the Z orbital is 
always at least somewhat polarized away from the other nucleus. 
Here, the nuclear attractions for the JL and 77- charge distri­
butions are not enough to overcome the nuclear repulsion, 
i.e., the shielding is not great enough, mainly because of the 
polarization. The normalized energy for the (1,7T') inter­
action is much smaller than that of the (b,7^') interaction, 
but the larger population factor tends to reduce this differ­
ence somewhat. The large weighting factor of four also makes 
the (J2,7T') interaction of considerable importance. 
The ( 77,77 ' ) interaction is repulsive because of weak 
shielding, and also because of the strong electronic repulsion 
for two similar 17 distributions. For geometric reasons, this 
repulsion is much weaker for the (77,17') interactions which, 
therefore, are only about half as large. There is a weighting 
factor of two in both cases. The effects of the internuclear 
distance and the orbital exponent values (diffuseness) on 
these interactions can be easily seen from the results in the 
table. 
From the preceding discussion, it can be seen that polar­
ization is the most influential and the most predominant fac­
tor in the quasi-classical interactions. It occurs to some 
extent in practically all b orbitals and is very favorable for 
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the (b,7f') and (£,b ') interactions. However, because of 
orthogonalization, polarization of the b orbitals induces some 
complementary polarization of the JL orbitals and the resulting 
(1,77') and {$.,&) interactions will usually be repulsive. 
Shielding is important in that it can affect the relative mag­
nitudes of these two opposing effects. It must be remembered, 
of course, that the other energetic interactions, such as in­
terference and promotion, are essential factors in the deter­
mination of the electronic distributions from which the quasi-
classical effects are calculated. 
It is of interest to note that the net effect of the 77 
electrons, i.e., the sum of the (b,TTf), (J2.,TT'), (i,T7'), 
(77,TT1) and (77,77') contributions, is always repulsive. In 
CgtSAO), this effect is 1.02 eV, about twice as large as it is 
in N2(SA0). 
Comparison of Different Approximations 
The differences between the SAO and the BMAO calculations 
show a great regularity for all systems. In all, except Fg, 
there is a general decrease in the polarization of the orbitals 
in going from the SAO to the BMAO case. This decrease almost 
invariably gives a decrease in the individual orbital pair 
contributions, and thus also the total. The only exception to 
this in Table 2 is the attractive (j2.,JLT) interaction in Be2 
and C_ which, in agreement with the foreeoine discussion of 
this case, is enhanced by the decrease in polarization of the 
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JL orbital. There is very little change in the TT orbitals, 
only a slight expansion due to a slight decrease in the £ 
values. Usually, the decrease in polarization of the b or­
bital is due partly to a change in hybridization and partly 
to an increase in the 2PCT ^ value. The latter also causes 
a contraction which further reduces the energy contributions, 
in particular for the (b,b') interactions. 
Examination of Specific Contributions 
Interactions in FQ 
The results for are sufficiently different from those 
of the other molecular systems to warrant special considera­
tion. The total quasi-classical interaction for F2(SAO) is 
zero and it is only slightly attractive for F2(BMAO). The 
smallness of these interactions, as compared to the other sys­
tems, is due to the large internuclear distance in comparison 
with the diameter of the atomic orbitals, as indicated by the 
large values of (£ R) and the correspondingly small overlap 
integrals. This situation i3 caused by non-bonded repulsion 
of the 7r electrons, which are essentially lone-pair elec­
trons. The distance is, in fact, so large that the (b,bT) 
interaction is now repulsive, in agreement with the earlier 
discussion. The unique increase of the interactions in the 
BMAO case, as compared to the SAO case, is due to an increase 
in the polarization and expansion of the u orbital. It is 
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caused by the decrease in the 2PCT £ value since the hybrid­
ization remains essentially the same. Most of the differ­
ences between the SAO and the BMAO calculations are however, 
very small compared to those in the other systems. 
(b.b1) interactions 
The normalized (b,b ' ) interaction in Be^ and Cg is quite 
high because of the 2P(Tcharacter of the b orbital. Be^ is 
the lower of the two because of the larger internuclear dis­
tance. It is also quite high in Ng. Here, the strong polar­
ization of the b orbital is less helpful, but the shorter 
internuclear distance makes the result for Cg and Ng quite 
similar. It is smaller in Lig, because the b orbital has only 
slightly polarized 2S character. However, since it is quite 
diffuse (as noted by the large overlap), the electronic repul­
sion is small, and hence the total interaction is quite re­
markable considering the large internuclear distance. The 
(b,br) contribution is almost the entire quasi-classical ef­
fect in Li2 since the % orbitals are unoccupied. For Beg and 
Cg, however, the small population factors make the (b,b * ) con­
tribution quite unimportant. 
{JL,b') interactions 
The normalized (£,b') interaction is very large in Kg be­
cause of the strong polarization of both the b and L orbitals. 
It is much smaller for Beg and Cg because of the decrease in 
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polarization as well as larger internuclear distances. The 
lack of polarization of the JL orbitals is especially effective. 
Beg is the smaller of the two for the same reasons. The de­
crease in the BMAO case for C^ is also larger than usual be­
cause of the contraction of the J? orbital as well as the 
decreased polarization of the b and H orbitals. The decrease 
for Beg (BMAO) is somewhat reduced by the expansion of the jL 
orbital. Again, the population factors for Beg and Cg are 
quite small. The (£ ,b ' ) interaction in Fg is small for the 
reasons discussed previously. 
(i<lt ) interactions 
The (£,„£') interaction obeys the general behavior in Ng 
and Fg. Beg and C^, however, are exceptions which have al­
ready been discussed. The increased attraction in Cg(BMAO) 
is much larger than in Beg(BMAO) because of the changes in the 
JZ- orbitals as mentioned above. 
Interactions involving TT orbitals 
The (bjTT') interaction is much larger in Ng than in Cg 
because of the increased polarization. It is much smaller in 
Fg. The (JL,1T ' ), (1T ,TT ? ) and (7T"} ff' ) interactions follow 
the discussion given above in all cases. In spite of a popu­
lation product which is four times larger, the results for Fg 
are only about half as large as for Ng and Cg. The [Jl, fr') 
interaction shows a quite large decrease in the Cg(BMAO) case 
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which is due to the changes in the jL  orbital as already indi­
cated. The (ijTT1) interaction is also much larger in Ng be­
cause of the strong polarization of the JL orbital. 
Inner orbital interactions 
Almost all contributions involving the inner orbitals are 
practically zero as is expected, with a few exceptions to be 
considered. There is an exception in the N^lSAO) case where 
the % orbital is so strongly polarized away from the nucleus 
that there is a substantial repulsive energy (0.26 eV) with 
the inner orbital of the other atom. This interaction be­
comes almost negligible in the BMAO case because of the de­
creased polarization. However, the (i,X') contribution in the 
BMAO cases of Cg and Beg is slightly attractive (-0.07 eV and 
-0.10 eV respectively) since the JL orbital is almost pure 2S 
character. Note the similarity to the behavior of the [&> jl1 ) 
contributions. Another surprisingly large contribution is the 
attractive (i,b') interaction in N^ (-0.34 eV in the SAO case 
and -0.17 eV in the BMAO case). This is due mainly to the 
polarized nature of the b orbital. 
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INTERFERENCE 
Factors Affecting the Interference Energies 
As has been discussed elsewhere, the interference energy 
arises from the fact that the actual density differs from the 
quasi-classical density by certain orbital pair contributions 
which represent either constructive or destructive interfer­
ence effects. For atomic orbitals which have somewhat compli­
cated contours the difference between the two types may not 
always be immediately obvious from the geometry. Constructive 
interference exists if there is an over-all smoothing of the 
density, destructive interference takes place if the opposite 
occurs. More specifically, we speak of constructive inter­
ference if the kinetic interference energy is negative and of 
destructive interference if the kinetic interference energy is 
positive. 
In general, constructive interference is also associated 
with a positive potential interference energy, and destructive 
interference with a negative potential contribution. To this, 
there are, however, quite a few exceptions, in particular if 
the interference affects only little the electron density near 
the nuclei. The total interference energy is almost always 
determined by the kinetic part, so that constructive inter­
ference implies a binding effect, whereas destructive inter­
ference implies an antibinding effect. 
Each orbital pair interaction is the product of two 
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factors, bond-order and resonance integral. This is similar 
to the quasi-classical energies, being products of populations 
and normalized orbital interactions (coulomb integrals). In 
fact the relative size of a given bond-order appears to be 
closely related to the populations of the orbitals involved. 
Note the smallness of p(b,b' ) in Be^ and Also, the var­
ious pair contributions have the same weighting factors which 
were discussed for the quasi-classical effects ; two for cross 
terms, an additional two for TT contributions except 
(IT, if'). 
The situation is somewhat different if the bond-order 
vanishes, e.g., for the CT-7T and TT-TT cross terms. Al­
though here the kinetic interference energy vanishes, there 
is in general a small potential contribution from the electron 
interaction terms. Such cases will be discussed further be­
low. Their influence on the total interference effect is, 
however, small. 
A notable difference to the quasi-classical interaction 
is the fact, that an arbitrary change of sign (or a more gen­
eral phase change) in the definition of one of the atomic 
orbitals in a pair will simultaneously change the sign of the 
bond-order and of the resonance integral while leaving the to­
tal interference energy invariant. However, in almost all 
cases at hand it was found that the resonance integral between 
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interference, i.e., had a negative kinetic resonance inte­
gral. Consequently, a positive bond-order usually corresponds 
to constructive interference and a binding effect in the 
interference energy, whereas a negative bond-order goes hand 
in hand with destructive interference and an antibinding ef­
fect . 
For a given orbital pair, a large positive bond-order 
implies that the orbitals are mainly involved only in a bond­
ing MO [see p(77",Tr1 / in Ng and Cg and p(b,br ) in Fg]. Simi­
larly, a large negative bond-order implies that the orbitals 
are mainly involved only in antibonding MO's [see p(JL,i' ) in 
Cg and Beg]. When one or both of the orbitals are involved in 
both types, the bond-order will be smaller and most often 
negative [see p(TT>Trf) in F^ as well as the bond-orders in­
volving the inner orbitalsj. These results are quite similar 
to those which occur in valence bond structures where the 
individual antibonding effects are larger than the bonding 
effect, 
Discussion of Principal Types 
Similar to the quasi-classical effects, the interference 
energies are functions of many variables, such as; the inter­
nuclear distance, shielding (by all electrons), the orbital 
exponents (relative contraction or expansion), and the spatial 
orientation of the interacting orbitals (includes type of 
orbital as well as degree of polarization). Thus, 
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considerable variations occur in the results. They are best 
understood by considering the interference densities from 
which they originate. (These densities are meant to contain 
the bond-orders as well as the orbital densities in the reso­
nance integrals.) It emerges that, in practically all cases, 
the interference density belongs to one of a small number of 
general basic types. In discussing them, the following termi­
nology will be used. Since the interference density is a 
density modification, it can be regarded as a "shift" of elec­
tronic charge from one region of space into another, due to 
the interference between two orbitals. The "recipient region" 
for the orbital pair, (Aa,Bb), will be that region where there 
is an increase in the electronic charge as compared with the 
quasi-classical density. The "dative region" is that region 
where there is a decrease in the electronic charge. The 
change in the electronic interaction part of the shielded 
nuclear attraction terms, due to the charge shift, is referred 
to as a change in the shielding effect. 
The type 1+ interference density is the "normal" con­
structive type, such as found in Hg. The recipient region is 
the bond region while the dative regions lie more or less 
symmetrically about the nuclei. There is a large drop in 
kinetic energy and a smaller rise in the shielded nuclear 
attraction, the total being quite favorable for binding. Usu-
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which aids in keeping the rise in the shielded nuclear attrac­
tion small. Analogously, the type I- represents the "normal" 
destructive interference and is just the reverse of type I+. 
There is now a rise in kinetic energy and a smaller drop in 
shielded nuclear attraction, the total being unfavorable for 
binding. There are cases where types 1+ and I- differ mainly 
in the sign of the bond-order, but little in the resonance 
integrals. 
Type 11+ is a less frequent constructive type which dif­
fers from type 1+ in that the dative regions lie strictly on 
the far sides of the nuclei (away from the other nucleus), 
while the recipient region still lies in the bond region. The 
consequence is that the drop in kinetic energy is not nearly as 
great as in the first case (type 1+) and the rise in the 
shielded nuclear attraction is very small (the decrease in the 
shielding effect is also very small). In some more extreme 
cases, there is actually a decrease in the shielded nuclear 
attraction since the potential attraction is greater in the 
recipient region, where it arises from two shielded nuclei, 
than in the dative region where it comes from one shielded 
nucleus. This peculiar case is rather close to what used to 
be considered by earlier workers as the essential effect of 
overlap in chemical bonding. In fact, it corresponds, how­
ever, to rather untypical special situations. The destructive 
counterpart of type 11+ is type II-. The recipient regions 
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lie rather toward the far sides of the nuclei, and the dative 
region lies in the bond region. This shift of charge is ac­
companied by a smaller than normal rise in kinetic energy, but 
only a minor drop in shielded nuclear attraction. In extreme 
cases, there will actually be a considerable rise in the 
shielded nuclear attraction [see the (i,b*) interaction in 
Another constructive type which, however, occurs rather 
rarely, may be called type III+. In this case, the charge is 
shifted from the bond region side near the nuclei, i.e., the 
side closest to the opposite nucleus, into the center bond 
region in a quite diffuse, spread out manner. The drop in 
kinetic energy is smaller than in the normal case (type 1+), 
and the rise in shielded nuclear attraction is much larger so 
that the two effects tend to cancel each other [see the ( j?,b' ) 
interactions in Be^tSAO) and C^BMAOjj. The destructive 
counterpart, type III-, occurs mainly with the inner orbitals. 
The recipient regions are small, centrally located regions 
about the nuclei while the dative regions are a little farther 
away from the nuclei on the bond side. There is now a consid­
erable rise in kinetic energy and, in general, a smaller but 
quite large drop in shielded nuclear attraction, leaving a 
slightly repulsive net effect. In an extreme form of this 
case, the potential energy may actually overcome the kinetic, 
leading to a binding effect [see (i, JHr ) in N^ . 
ine variations witnin tnese types are t-fte resuit oî' dil-
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ferences in internuclear distances, bond-orders and orbital 
hybridization. The latter largely determines how the recip­
ient and dative regions are distributed in space and to which 
basic type a given interaction will belong. 
Comparison of Different Approximations 
In going from the SAO to the BAO calculations, there is a 
general expansion of the orbitals and very little change in 
the hybridization. The changes which occur are quite small 
but they follow a general pattern. Because of the expansion, 
there is a decrease in the attractive contributions and an in­
crease in the repulsive ones. This is usually so for the 
separate parts of each contribution as well as the net result. 
These changes are largely caused by an increase in the anti-
bonding bond-orders, due to the increase in overlap. The in­
ner orbital contributions and the results of Beg and Cg show 
the largest deviations from these general trends, since here 
hybridization changes are no longer insignificant. 
Much stronger hybridization changes occur in the BMAO 
calculation and result in much larger and more erratic 
changes. In general, however, all contributions are increased 
by the decrease in polarization. The changes in the bonding 
orbital contributions are usually more predominant because of 
the 2PCTcontraction and thus the total interference result be­
comes more binding. On the whole, the modifications are due 
to the fact that the interference interactions occur closer to 
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the nuclei. 
These differences can be seen in Table 3, which summar­
izes the principal orbital pair contributions for all mole­
cules in the SAO and BMAO approximations. For each orbital 
pair, there is given the kinetic and potential (and total) 
energy effect as well as the bond-order (p). 
Examination of Specific Contributions 
TT" contributions 
We consider the (TT,77') contributions first, since their 
interference effects are simplest. In and C^ they are of 
type 1+ and are very similar to the constructive interference 
found in H^. In F this contribution is of type I- and corre­
sponds to a closed shell repulsion. It is mainly this repul­
sive (non-bonded) interaction of the TT electrons that is the 
reason for the relatively large internuclear distance and, 
thus, the small overlapping in F^. 
CF contributions in Lip, Ng and Fg 
The contributions from the <J~ electrons show a basic dif­
ference between the molecular systems of Lig, and Fg, where 
there is an odd number of electrons per atom, and Beg and Cg, 
where there is an even number of electrons per atom. This 
difference is most obvious in the (£,b') contributions, being 
repulsive in N0 and F0 and attractive in C0 and Be0. 
The (b,b ' ) contribution is "normal", type I+, in both Lig 
Tab Le 3. Comparison of main sharing interference contributions 
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0.76 
—— 
-15.19 
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TOT 
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4.15 
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-0.25 
2.20 
-0.68 
1.52 
-0.10 
0.00 
0.00 
0.00 
—0 . 00 
0.55 
-1.38 
-0.83 
0.04 
0.01 
-0.03 
-0.02 
0.00 
3.20 
-5.67 
-2.47 
0.19 
21.75 
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and F , and of type 11+ in (because of the extreme polari­
zation). It is fairly large in F^ and but is quite small 
in Lig because of the relatively small £ values and large 
internuclear distance. 
The (£,!') and (£,b') contributions, which are absent in 
Lig, are antibinding due to destructive interference in both 
F2 and N2> The (i, Jb ) contribution in both, as well as the 
(i,bT) contribution in F^, are normal, type I-, and quite 
small, compared to the (b,bT) contributions. They are typical 
non-bonded repulsions. The (jZ,b' ) contribution in is, how­
ever, of type II- and shows an unusually large repulsion be­
cause of the polarized nature of the JL and b orbitals. In the 
N2(BMA0) case, polarization is less pronounced and the repul­
sion decreases accordingly. 
Because of small overlapping, there are no significant 
contributions in Fg arising from the inner shells. In Li2 
and N2, however, there exists a comparatively large antibind­
ing (i,b') contribution. It is normal, type I-, in Li^, but 
in Ng the polarization of the b orbital leads to an extreme 
case of type II-, with a surprisingly large rise in the 
shielded nuclear attraction. In N2 there is also a smaller, 
but quite significant, binding (i, J2.* ) contribution which is an 
extreme case of type III- (here, the dative regions lie also 
on the far sides of the nuclei and there is a large drop in 
tne snieiaea nuciear attraction. 
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The total CT contribution to the interference energy in 
Lig and is antibinding in all cases except one [Li^SAO), 
0.39 eV; Li2(BMA0), 0.13 eV; N^(SAO), 5.32 eV; N (BMAO), 
-0.37 eVj. In Lig, this is due to the strong inner shell in­
teraction. (i.b1 ) ; in N^j it arises largely from the non-
bonded repulsion of the (J?,br ) interaction. 
Since there are no other interference terms in Lig, the 
result is that here the binding energy is entirely furnished 
by the quasi-classical effects, a consequence which is in 
complete contradiction to previous qualitative understanding 
and was already noted by Mulliken and Fraga. In N^, the sim­
ilar behavior of the <y contribution is concealed by the 
strongly binding IT interference. 
Whether or not this result for Li^ is characteristic for 
the actual molecular situation is, however, rather question­
able. It may be an artifact since the deviations of Ransil's 
calculations from the virial theorem are larger than the 
interference energies in the case of Lig* It may well be that 
a more accurate calculation will find a negative interference 
contribution in Li^. The same may be true in N^. In fact, 
the BMAO approximation gives here a slightly attractive inter­
ference energy as well as a better approximation to the virial 
theorem. It may also be noted that, in Li^, the negative 
kinetic interference energy is clearly responsible for the 
nnnt.rartlve nmmnt.i nn whi f h is çoen f.n tnyni ah a I arcro nart nt' 
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the potential energy drop. 
On the other hand, it may be that in N2 the strong 77 
bonds pull the nuclei so close together that the CT orbitals 
are forced into non-binding or antibinding. In F2, where the 
antibinding repulsion of TP lone pair contributions prevent 
a too close approach, the total CT contribution is binding. 
0" contributions in Be2 and Co 
The results for Be2 and C2 are quite different because of 
the large and peculiar influence of the JL and i orbitals. 
Also, the variations between the SAO and BMO calculations are 
much greater. Due to the small population of the b orbitals, 
the negative p(i.,i.T) bond-orders are larger than all others. 
Furthermore, the p(jd,b') bond-orders are now positive, in con­
trast to the situation in N2 and F2, so that the (£,b1) inter­
ference is binding; except in C2(BMAO), where it is almost 
zero. 
The total CT interference energy is binding in all cases 
except one [fie2(SA0), -1.01 eV; BeutEMAO), -4.54 eV; C^SAO), 
+0.11 eV; C2(BMA0), -14.10 eV ]. This binding effect is now 
due to the negative shielded nuclear attraction contributions 
being larger than the positive kinetic energy terms. This un­
usual situation is related to the 1S-2S hybridization and is 
paid for by opposing promotion effects associated with the ex­
pansion of the 18 orbital by hybridization. 
The (b,b ' ) contribution in both Be2 and C2 is an extreme 
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case of type 11+ in which there is a decrease in shielded nu­
clear attraction as well as in kinetic energy. The energies 
are very small, however, because of the small bond-orders. 
The (,£,_£') contribution in Beg and the SAO case of Cg is 
normal (type I-). but because of the contracted nature of the 
JL orbitals, due to 1S admixture, the rise in kinetic energy 
and drop in shielded nuclear attraction are very large ef­
fects. In the BMAO case of Beg, where the JL orbitals are 
somewhat expanded, these effects are much smaller. In the 
BMAO calculation of Cg, the (jZ., ) contribution is an extreme 
case of type III- and is strongly binding. 
The (JL,bf) contribution, for the SAO calculations, is of 
type III+ (binding) in Beg and of type 1+ in Cg. For the BMAO 
calculations, it is an extreme case of type 11+ in Beg [simi­
lar to the (b,b') contribution] and is close to type III+ in 
Cg. For the latter, the drop in kinetic energy and rise in 
shielded nuclear attraction are large effects while the total 
effect is only slightly antibinding. 
The (i,bT) contribution, for the SAO calculations, is of 
type 1+ in Beg and of type I- in Cg. For the BMAO calcula­
tions, it is similar to type III+ in Beg (and antibinding) 
while in C? it is of type I+. 
The (i,JZ.' ) contribution is an extreme case of type III-
(and therefore is binding) in Beg(SAO), Beg(BMAO) and in 
Ugi HiviAu I. it, is or r.ype i- m Vg bAO ) ; 
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These peculiar energy relationships in Beg and Cg are 
very different from those obtained in the cases where the cal­
culated wave function yields binding and describes a molecule 
near the equilibrium position. This is certainly not at all 
the case for the present Beg and Cg calculations, and it is 
questionable whether the calculated wave functions could cor­
respond to any stable physical situation. 
Second-order contributions 
For orbital pairs of different symmetry species, the 
bond-orders vanish and the interference energies arise solely 
from the exchange part of the electronic interactions. Such 
energy contributions are found for (i,TP), (£, TT'), ( b, IT * ) 
and (TT,TTt) and occur only in Cg, Ng and Fg. In all cases, 
they are negative, i.e., binding, in agreement with similar 
findings in other molecular analyses (12 and 13). [The only 
exception is the (i, TT') contribution in Fg, but this term, 
like the others in Fg, is insignificantly small.] In Cg and 
Ng, the combined effect of these terms is far from insignifi­
cant (-6.90 eV for Cg and -7.4# eV for Ng in the SAO approxi­
mation and only slightly smaller in the BMAO approximation). 
These interactions appear to be similar to the inter-atomic 
sharing penetration terms which will be discussed in the sub­
sequent section. The specific nature of this decrease in 
electronic interaction is difficult to ascertain without a 
detailed study. 
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SHARING PENETRATION 
The most striking feature of the sharing penetration 
energies is the parallelism existing between them and the in­
terference effects. It confirms the idea that this part of 
the electronic repulsion energy is intimately related to the 
sharing of electrons. Also confirmed is the view that the 
over-all effect of these contributions is, in general, bond-
opposing. 
The parallelism mentioned arises from the fact that the 
exchange contributions to the inter-atomic pairpopulations re­
flect, to some degree, the behavior of the bond-orders for the 
various orbital pairs. For, each inter-atomic sharing pene­
tration energy is essentially the negative product of such an 
exchange pairpopulation and the corresponding inter-orbital 
coulomb integral. 
Table 4 collects the significant orbital and orbital-pair 
sharing penetration energies for all molecules in the SAO and 
BMAO approximations. For the inter-atomic terms there are also 
listed the corresponding exchange pairpopulations and bond-
orders . 
In every instance, the exchange pairpopulation has the 
same sign as the corresponding bond-order. Thus, the con­
structive interference of all (b,b!) pairs is associated with 
a negative sharing penetration energy; much weaker for Be, and 
Cg where these orbitals are poorly populated than in Lig, Fg 
Tab Le 4• Comparison of main sharing penetration contributions 
Li2 N2 
SAO 
F2 Be2 C2 Li2 N2 
BMAO 
F2 Be2 C2 
Inter-atomic Contributions 
b,b' 
(1) 
E 
%c 
P 
-2.89 • 
0.501 
0.564 
-10.70 
0.514 
0.587 
—6.48 
0.502 
0.817 
—0.14 
0.003 
0.054 
— 0.43 
0.010 
0.075 
-2.81 -
0.501 
0.570 
10.56 
0.512 
0.627 
-6.55 
0.503 
0.799 
-0.12 
0.002 
0.046 
-0.34 
0.006 
O .O65 
1,1' 
(1) 
E 
%c 
P 
— — — 0.04 
-0.004 
-0.160 
0.04 
-0.005 
-0.138 
1.13 
-0.138 
-0.838 
1.69 
-0.095 
-0.751 
—  — —  0.40 
-O .O37 
-0.430 
0.04 
-0.004 
-0.135 
1.74 
-0.228 
-1.099 
1.96 
-0.120 
-0.827 
i,b' 
( 2 )  
E 
P 
—  —  —  0.96 
-0.062 
-0.352 
0.20 
-0.010 
-0.194 
-1.78 
0.272 
0.405 
—3 « 66 
0.326 
0.469 
— — — 
0.90 
-0.059 
-0.337 
0.22 
-0.012 
-0.206 
-1.43 
0.222 
0.351 
—2 * 84 
0.254 
0.437 
7T IT ' 
( 2 )  
E 
Qx 
P 
-5.72 
0.500 
0.780 
0.02 
-0.002 
-0.094 — — —  
-4«94 
0.500 
0.760 —  —  — 
-5.64 
0.500 
0.772 
0.02 
-0.002 
-0.100 
—  —  —  
—4.86 
0.500 
0.756 
Intra-atomic Contributions 
b E 1.67 4.74 7.07 1.46 2.69 1.63 5.03 6.78 1.45 2.51 
fL E — -0.30 -0.04 0.43 1.94 — — — -0.56 -0.05 -0.26 0.35 
IT E —  — —  4.83 -0.03 — — —  4.02 —  —  —  4.83 -0.03 —  —  —  4.08 
i E 0.09 -0.02 0.00 -0.35 0.06 0.07 -0.02 0.00 -0.55 -1.18 
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and Ng, with filled bonding orbitals. The destructive inter­
ference of the (£,!') pairs is associated with a positive 
sharing penetration energy, very weak in Fg and Ng, having 
small bond-orders, but rather substantial in Beg and Cg, with 
large negative bond-orders. Most striking is the correlation 
for the (£,b' ) pair. The Fg and Ng molecules, with a moderate 
destructive interference, have a moderate positive sharing 
penetration contribution while, on the contrary, Beg and Cg 
have substantial negative sharing penetration terms corres­
ponding to marked constructive interference (the different be­
havior of Beg and C^ has been discussed in the preceding sec­
tion). finally, the (7T,IT1) orbital pair shows large nega­
tive sharing penetration energies for Ng and Cg where there 
exists a strong constructive interference, but only a very 
slight positive sharing penetration energy for Fg where de­
structive interference generates non-bonded TT repulsions. 
As a general rule, the sharing penetration terms are larger in 
magnitude in the case of constructive interference than for a 
comparable case of destructive interference. 
These features of the inter-atomic sharing penetration 
energies also provide the key for understanding the intra-
atomic sharing penetration energies. For, a change in the 
amount of inter-atomic sharing is always accompanied by com­
pensating intra-atomic effects of opposite sign. Thus, the 
intra-atomic 77 contrioutions are large ano positive m Wg 
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and 0>2 while small and negative in Fg. The positive sharing 
penetration energies for the bonding orbitals become intelli­
gible if one appreciates that they compensate the inter-atomic 
contributions of the (b,b') pair and one of the two (X,bf) 
pairs. This explains their positive sign and correlates with 
their magnitudes. Similarly, the intra-atomic sharing pene­
tration energies for the JL orbitals must be considered as com­
pensation for the inter-atomic ( J2, £' ) pair and the remaining 
(i,b') term. In this way, one can see why Fg and Ng have neg­
ative contributions whereas Cg and Beg have positive contribu­
tions, all relatively weak. 
These arguments gloss over the inner shell and the other 
cross term contributions. While they are generally unimpor­
tant, they are not altogether negligible as can be seen by the 
intra-atomic contributions included in the summary table. 
There is a remarkable consistency between the results 
derived from the SAO and BMAO approximations so that the dif­
ferences hardly merit elaboration except maybe for the change 
in sign of the intra-atomic lone-pair contribution in Beg. 
This value is, however, consistent in that it compensates for 
the corresponding inter-atomic effects. 
In general, but not always, the sum of compensating 
intra- and inter-atomic contributions will be positive. The 
molecular sums of all sharing penetration terms are always 
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CONCLUSIONS 
There exists a significant difference between the present 
study and that of the hydrides. All members of the latter 
series exhibited qualitative similarities, the differences in 
their energy partitionings were of a quantitative nature and 
conformed to simple trends. In contrast, the members of the 
homonuclear series have far greater individualities so that 
the energy partitioning yields not only differences in degree 
but also in kind. The pattern of individual terms is much 
more varied, cross-interactions more complicated, occasional 
erratic behavior more common. 
The execution of the analysis has yielded new information 
regarding the behavior of the various energy terms, such as 
the quasi-classical and interference interactions, under more 
complicated conditions. It has shed light on the deeper dif­
ferences between the five molecules treated, particularly as 
regards the differences between the group of Beg and Cg and 
the rest of the molecules. The difficulties encountered in 
the analysis may in part suggest a need for improvements in 
the method but they reveal, at least to an equal degree, ser­
ious deficiencies in the wave functions analyzed. A similar 
analysis of analogous, but better, wave functions would there­
fore be very instructive, in particular if carried out as a 
function of the internuclear distance. 
Even under the present handicaps, many general ground 
72 
rules are always obeyed by the individual energy fragments de­
fined in the present partitioning; such as, for example the 
instrumental role of contractive promotion in the lowering of 
the potential energy upon molecular formation. 
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APPENDIX: PRESENTATION OF NUMERICAL RESULTS 
Each of the figures, 3 through 17, represents the com­
plete molecular analysis for one of the fifteen calculations. 
The molecules are arranged in order of increasing molecular 
weight. For each molecule, the approximations are listed in 
the order: SAO, BAO, BMAO. 
Within each molecular analysis, the first section, la­
belled "Binding Energy Partitioning", gives a summary of the 
binding energy totals for the various energetic effects : pro­
motion (both hybridization and contraction), quasi-classical, 
sharing penetration, sharing interference and the total. It 
lists the binding energy fragments by atom and bond (and for 
the molecule), decomposed in terms of kinetic interactions 
(KIN) and potential interactions. For the intra-atomic pro­
motion contributions, the latter are subdivided into nuclear 
attraction (NA) and other electronic interactions (OEI). For 
all other intra- and inter-atomic contributions, the potential 
contributions are decomposed into shielded nuclear attraction 
(SNA) and other electronic interactions (OEI). Non-zero con­
traction promotion occurs for the BMAO cases only. 
The second section, labelled "Valence Atomic Orbitals", 
gives the VAO decompositions in terms of orthogonal Slater-
type-orbital basis functions. It also lists the inter-atomic 
or* int.ûrrr»a 1 c A"P o VAO ' c Tn t* Vi -i o copf/i on n o wol 1 o o 
in the following sections, the TT terms are not included 
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since they are identical to the TT terms. 
The third section, labelled "Density Contributions", 
gives the populations and inter-atomic bond-orders of the 
VAO's. The valence inactive (p), the valence active (v), and 
the total (q) electronic populations are given for each or­
bital. 
The fourth section, entitled "Exchange Contributions to 
Pairpopulations", gives the decomposition of the interference-
free intra- and inter-atomic orbital pair coefficients of the 
exchange pair-density, TTx(x^,x2)> in terms of promotion 
state and sharing penetration contributions. The latter is 
subdivided into intra- and inter-atomic orbital pair frag­
ments. 
The last two tables give the detailed partitioning, ac­
cording to orbitals and orbital pairs, of the intra- and inter­
atomic summary presented in the first table ("Binding Energy 
Partitioning") discussed above. The intra-atomic promotion 
effects are given in terms of the orthogonal spherical atomic 
orbitals while the intra-atomic sharing penetration as well as 
all inter-atomic effects are given in terms of the VAO's. In 
the SNA rows of the inter-atomic sharing interference column, 
the left entry gives the potential interaction of the inter­
ference density, arising from the orbital pair (Aa,Bb), with 
the neutral atom A while the right entry gives that inter­
action with the neutral atom B. Equivalent orbital pair con-
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tributions to the inter-atomic energies are given only once 
e.g., the (b,i* ) contribution is not included since it is 
equivalent to the (i,b') contribution which is given. (See 
the discussion about the weighting factor in the chapter on 
the quasi-classical interactions.) All energy terms in the 
tables are in units of electron volts. 
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diNiJlNJ E.'C.iJÏ rt\.\l 
-ProTOtion tuas : - Sharing-
PRii PRC Classical Pénétration Interference 
KIN C.53 0.00 0. 53 
; , NA -0.92 0.00 -0.92 
Oil 0.31 0.00 1.7b 2.07 
Tù'i -0.07 0.00 1.76 1.1--
KIN -1.57 -1.57 
30ÎTD -1.06 O.V J 0. yv 0. -?0 
OEI -2.62 -0.02 -2.84 
TOT -l.oe -2.62 0.39 -3-51 
KIN 1.0b 0.00 -1.57 -C.51 
„ sua -l.Mj o.oo -1.05 0.99 0.99 -0.94 
2 OEI 0.62 0.00 0.69 -0.02 l.?9 
TOT -0.11+ 0.00 -1.0= 0.69 O.39 -0.11+ 
VALENCE ATOMIC ORBITALS 
VAC Expansion Overlap Integrals 
Orbital IS 23 2 ?r 1 b _ 1 
1 0.999""?? -0.001960 0.001150 0.000086 0.090536 0.094319 
b 0.001652 0.974 527 0.224262 0.05053o 0.773682 0.360653 
1 -0.001560 -0.224260 0.974526 0.09431? 0.360853 0.030649 
DENSITY CONTRIBUTIONS 
VAC Populations Inter-Atomic Bond-Orders 
Orbital E Ï a i b 1 
1 2.01462] -0.009662 2.004761 -0.004}k0 -0.104996 -0.00?613 
b 0.56695^ 0.427112 0.996066 -0.100396 0.563902 -0.0003C1 
1 0.000029 -0 .000R56 -0.000826 -0.007613 -0.0003&1 0.00:000 
EXC.-A..3E CONTRIBUTION TO FAIRFCPULATIC.N3 
Promotion State Sharing Penetration-
Orbital 
(Intra-Atomlc) 
1 b 1 
(Intra-Atomlc) 
1 b 1 
(Inter-Atomic) 
1 b 1 
1 2.012 -0.007 0.000 
b -0.007 1.004 -0.001 
1 0.00- -0.031 0.300 
-0.000 0.006 -0.000 
0.006 -0.503 0.001 
-0.000 0.301 -0.000 
0.000 -0.005 -0.001 
-0.005 0.501 -0.000 
-0.001 -0.000 0.000 
Figure 3. Binding energy decomposition and description of 
electron distribution lor Li,., SAU approximation 
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INTRA-ATOMIC CuKTHIôUTIuN TO BINDING ENERC-Y 
Promot ion Shar ing Penetration 
.  ta l  IS 25 2 Pa- Total  Orbi ta l  
KIN 0.2,7 o.o5 0.00 0.46 KIN 
NA -1.05 -0.05 0.00 -1.04 SNA 
0.09 OEI 0.21 -0 .35 0.44 0.24 OEI 
TOT -0.37 -0 .39 0.44 -0.33 TOT 0.09 
KIN o.o5 -0.31 0.00 -0.21 KIN-
HA -0.05 1.53 0.00 1.42 , SNA 
1.67 OEI - 0 . 3 8  0.01 -0.00 -0.79 OEI 
TOT -0.39 1.23 -0.00 0.42 TOT 1.67 
KIN 0.00 0.00 0.2 8 0.28 KIN 
, NA 0.00 0.00 -1.31 -1.31 . SNA 
OEI o . a  -0.00 -0.00 0.67 OEI -0.00 
TOT 0.1|4 -0.00 -1.03 -0.16 TOT -0.00 
Li 
KIN 
MA 
OEI 
TOT 
0.53 
-0.92 
0.31 
-0.07 
Li 
KIN 
SNA 
OEI 
TOT 
,76 
.76 
INTER. -ATOMIC CONTRIBUTIJNS TO BI:  • DING E: ERJY 
L i  L i  
Quasi- Shar ing - Total  
Classical  Penetrat ion Interference 
KIN • ' it-
1 i  SNA .PP - -.PP -. • P 
OEI -. •' t .LL 
-.«:P 
TOT .?-E 
-. • t-c 
KIN , 95 .55 
i  b SNA -.P4 - 23 -.P4 -. 36 
OEI . P3 •  
TOT -.P4 .1-3 . U . ti£ 
KIN . C 7 .27 
i  1 SNA .PP - L'2 -.PP - . 
OEI .pp 
TOT .?? .PP . L 5 . £6 
KIN -3.ei -2.61 
b b SNA -1.01 1 34 1.34 wet.  
JEI -2.03 .  L i  
TOT -1 .P 1 
-2. -.93 
KIN . i:*; *1*0 
b 1 SNA .PP PP - . IOIL ,  V V 
OEI .PP • t V . && 
TOT . PP • it 
KIN 
.  L L •  <-1-
1 1 SNA 
.CP Lv . £ c 
OEI . c'L' . ki 
TOT .PP .PP . u 
KIN -1.57 -  W •>! 
T . SNA -1.P3 3 S .9C 
L i2 OEI -2.82 -. P2 -2.64 
TOT -1 .73 -2. 82 .Î'J -3.51 
irnro 1 I f ' n n 1" i m i o H I 
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- v.'i Cy.ttBi- jhuriiifa Total 
• V Classical '-'eneirptlon In ten'erence 
n.-'-i'i . • i.b6 
' . -1.01+ 
1.72 2.01, 
1.72 1.65 
-1, 
- ! . I . 
.jç -1.31+ 
-2.Il -0.03 -2.84 
-1.15 -2.i l . ;2 -5.45 
1.32 V. v -1.3- - .02 
-2.: c-.cc -1.15 o. A -1.35 1.5:. . c 3 -0.03 1.24 
-C.14 C.ov -1.15 (..03 0.52 -0.14 
Lrfeitii. 
1 
b 
13 
0.99993^ 
o.oo=;55-
-0.00120.5 
ixp-ir.si-n Overlap Integrals 
1 b 1 
-1.0056:2 -1.000127 
0.972244 0.233934 
0.972263 
-0.30069? 0.090091 0.091992 
0.390091 0.7931^7 0.353569 
0.093992 0.350569 0.31016^ 
D K : . j  :C:.7PIH0 
Orbital 
VAC Populations 
v 
1 2.3^166 -3.009577 
b 0.5o2744 0.*13:24 
1 0.301020 -3.0:0697 
2.-34610 
0.99606? 
-0.300677 
Inter-Atcmic 5cnd-Crders 
i b 1 
-3.3027^2 -0.099758 -0.306262 
-0.0997^8 0.557:06 -0.330310 
-0.006262 -0.3^0310 0.000000 
EXC..A.JE cc:.?r.:svri;:w 
Orbital 
Prcnc tier. State 
(Intra-Atomic) 
1 b 1 
PAIF.FCPVLATICAS 
Sr.h ring Penetratlon-
( Ir.tra-Atcmic) 
i b 1 
( inter-Atonic ) 
1 b 1 
1 2.312 -0. ,007 0.030 -O.'OOO 0.306 -0. 
0
 
0
 
0
 0. ,300 -0. 
0
 
0
 -0. 
.—
1 0
 
0
 
b -0.307 1, .004 -0.001 0.306 -0.502 0, 
0
 
0
 -0. .305 0, .501 -0, .000 
1 0.303 -0. 001 0.000 -0.030 0.301 -0. .000 -0. ,001 -0. 0 0 0 0. .000 
Figure U. Binding energy decomposition and description of 
R A I  )  o  r>r -w*rw -i  m  o  +" " i  r\ n 
" 2 '  
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INTRA-ATOMIC CONTRIBUTION TO BINDING ENERGY 
Promot ion Shar ing 
?er.etrat ion 
Orbital IS 25 2?<y Total  Orbi ta l  
IS 
KIN 
NA 
OEI 
TOT 
0.14-5 
-1.00 
0.21 
-0.35 
0.11 
-0.13 
-C.41 
-C.43 O
O
O
O
 
O
 
1 
1 
O
O
O
O
 
VJ
 RO
«-O
-T-
H^
CD
VJ
 
i 
KIÎ; 
SNA 
OEI 
TOT 
0.08 
o.os 
2S 
KIN 
NA 
OEI 
TOT 
0.11 
-0.13 
-0.1+1 
-0.43 
-0.32 
1.62 
0.01 
1.31 
0.00 
0.00 
-0.00 
-0.00 
-0.07 
1.34 
-0.85 
0.42 
b 
KIN 
SNA 
OEI 
TOT-
1.64 
1.64 
2P«-
KIN 
NA 
OEI 
TOT 
0.00 
0.00 
0.47 
0.47 
0.00 
0.00 
-0.00 
-0.00 
0.30 
-1.40 
-0.00 
-1.10 
0.30 
-1.40 
0.93 
-O.18 
1 
KIN 
SNA 
CEI 
TOT 
-0.00 
-0.00 
Li 
KIN 
NA 
OEI 
TOT 
0.66 
-1.01). 
0.32 
-0.07 
KIN 
L1 S 
XCT 
1.72 
1.72 
INTER-ATOMIC CONTRIBUTIONS TO BINDING ENERGY 
Quasi-  Shar ing 
LI  L i  Classical  Penetrat ion Interference 
Total  
KIN - .  00 -  .  >.0 
SNA .02 .00 .00 . il 
OEI - .00 .00 " .  L X. 
TOT .00 - .00 - .00 - .00 
KIN .  Si .9c 
SNA - .04 - .23 - .  04 - .31 
OEI .03 - .02 .02 
TOT - .04 .03 .  63 . 
KIN .06 
SNA .02 - .01 - .  00 - .01 
OEI .20 "  .  00 •  6.0 
TOT .00 .00 .  04 .05 
KIN -3.29 -3.29 
SNA -1.07 1.23 1.23 1.39 
OEI -2.53 .01 -2.  37 
TOT -1.07 -2.33 - .83 -4.75 
KIN .00 .  00 
SNA .00 .00 -  .  06 .  00 
OEI .00 .01 
.00 
TOT .00 .00 .00 .00 
KIN .00 
.  00 
SNA .00 .00 .00 
.00 
OBI .00 .00 .00 
TOT .00 .00 .01 .00 
KIN 
-1.15 
-1.34 
-1.34 
SNA .94 .94 .73 
031 -2.31 - .03 -2.54 
TOT -1.15 -2.31 .52 -3.45 
(Continued ! 
L12 
#3 
O Ai» Jlnsj Z,.l2..Va n:\ j.1*  I Vi. iKj 
Promotion 
PRH PRC 
Quasi-
Classical Penetration 
-anarmg-
Interference 
Total 
Li 
kin 
uei 
TUT 
KIÎ; 
3-;;;D ^  
TOT 
Li 
KI:I 
s:;a 
2 CEI 
TOT 
0.76 
-1 .01 
0.27 
0.03 
1.52 
-2.02 
c.gii 
0.06 
0.:;3 
-r.52 
0.10 
0.02 
0 . 6 6  
-1.04 
0 .20  
0.04 
-i.~i 
- 1 . 0 1  
-1.01 
-1.01 
1.51 
1.69 
-2.?6 
-2.76 
O.cj 
0.O3 
-1.56 
b v 
- 0 . 0 2  
0.13 
-1.36 
5 C 
-0 .02  
o.ij 
0. Go 
1.19 
-1.52 
2.07 
1.74 
-1.56 
0.71 
-2.79 
-3.64 
0.82 
-2.33 
1.35 
-0.15 
VALESCE ATOXIC Cr.EITALb 
Orbital 
VAC Expansion 
23 2 Pc 
Overlap Integrals 
b 
i 0.999893 -0.013662 -O.OO5154 -0.002624 0.076846 0.075849 
b 0.014447 0.976658 0.213401 0.076646 0.754394 0.315428 
1 0.002119 -0.213452 0.976951 0.075649 0.315428 0.146-536 
DE.N3ITY CO: «TP.IBlTIOao 
VAC Populations Inter--Atonic Bond--Orders 
Orbital D V 0 i b 1 
i 2.C09760 -O.OO66IO 2.002950 0.002354 -0.068041 -O.OOO505 
b 0.573862 0.423232 0.997095 -0.086041 0.570001 -0.000022 
1 0.000000 -O.OOOO45 -O.OOOO45 
-0.000505 -0.000022 0.000000 
EXCHANGE CONTRIBUTIONS TO PAIP.FOFVLATICiS 
Proaction State Snaring Penetration-
(Intra-Atcmic) 
Orbital 1 b 1 
(Intra-Atomic) 
1 b 1 
(Inter-Atomic) 
i b 1 
1 2.008 -0.005 0.000 
b -0.005 1.002 -0.000 
1 0.000 -0.000 0.000 
-0.000 0.004 0.000 0.000 -0.004 -0.000 
0.004 -0.501 0.000 -0.004 0.501 0.000 
0.000 0.000 0.000 -0.000 0.000 0.000 
Figure 5. Binding energy decomposition and descrintion of 
electron distribution for Li2, BMAO approximation 
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INTRA-ATOMIC CONTRIBUTION TO BINDING ENERGY 
Orbital 
IS 
PRH PRC 
P] 
2S 
PRH PRC 
romotion 
2?<x 
PRH PRC PRH 
Total 
PRC TOT 
Sharing 
Penetration 
Orbital 
IS 
KIN 
IVA 
OEI 
TOT 
0.27 
-0.60 
0.15 
-0.18 
0.1|2 
-0.47 
0.05 
0.00 
0.25 
-0.28 
-0.34 
-0.37 
-0.00 
0.00 
-0.05 
-0.05 
0.00 
0.00 
0.39 
0.39 
0.00 
0.00 
0.07 
0.07 
0.24 
-0.57 
0.17 
-0.16 
0.42 
-0.44 
0.07 
0.04 
0.65 
-1.01 
0.24 
-0.12 
i 
KIN 
SNA 
OEI 
TOT 
0.07 
0.07 
2S 
KIN 
NA 
OEI 
TOT 
0.25 
-0.28 
-0.34 
-0.37 
-0.00 
0.00 
-0.05 
—0 .05 
-0.26 
1.3I4-
0.02 
1.09 
-0.09 
0.18 
0.00 
0.09 
0.00 
0.00 
-0.00 
-0.00 
0.00 
0.00 
-0.00 
-0.00 
0.27 
0.33 
-0.09 
0.16 
-0.11 
-0.04 
0.18 
0.90 
-0.79 
0.29 
b 
KIN 
SNA 
OEI 
TOT 
1.63 
1.63 
2P<r 
KIN 
NA 
OEI 
TOT 
0.00 
0.00 
0.39 
0.39 
0.00 
0.00 
0.07 
0.07 
0.00 
0.00 
-0.00 
—0.00 
0.00 
0.00 
-0.00 
-0.00 
0.25 
-I.I8 
-0.00 
-0 .93 
0.11 
-0.23 
-0.00 
-0.12 
0.25 
-Î.1Ô 
0.78 
-0.15 
0.11 
-0.23 
0.15 
0.02 
0.36 
-1.41 
0.93 
-0.12 
1 
KIN 
SNA 
OEI 
TOT 
-0.00 
-0.00 
Li 
KIN 
NA 
OEI 
TOT 
0.76 
-1.01 
0.27 
0.03 
0.43 
-0.52 
0.10 
0.02 
-l'.52 
0.38 
0.05 
Li 
KIN 
SNA 
OEI 
TOT 
1.69 
1.6,9 
IHT3 :R-ATOMIC CONTRIBUTIONS TO BINDING ENERGY 
Quasi-  Shar ing Total  
LI  LI  Classical  Penetrat ion Interference 
KIN 
.02 
.00 
i  1 SNA 
- .20 
- .00 - .00 
- .00 
OEI . U  - .22 
- .00 
TOT - .20 .20 - .00 - .00 
KIN .70 .70 
1 b SNA - .24 - .09 - .23 - .16 
OEI .22 - .02 .01 
TOT - .24 .02 .56 .54 
KIN .00 .00 
i  1 SNA .28 - .00 - .00 - .00 
OEI .00 . l ie 
.00 
TOT .20 .00 .00 
.00 
KIN -2 .97  
-2.97 
b b SNA - .94 .98 .98 1.  03 OEI -2.81 .01  -2.80 
TOT - .94 -2.31 
- .99 -4.74 
KIN 
.00 
.00 
b 1 SNA .20 .00 - .00 .00 OEI .00"  
.00 
.00 
TOT .00 .00 
.00 
.00 
KIN 
.00 
.20 
1 I  SNA .00 .00 .00 .eg OEI .00 
.00 
.20 
TOT .20 .00 
.02 
KIN -1.56 
-1.56 
L i  SNA -1.01 .86 .86 .71 
2 OEI -2.76 - .02 -2.79 
-0 7f  
Figure 5. (Continued) 
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• . J .v.i -j * r"n i • *Ll< x*> i  
Classical "er.etratl on Interference 
Total 
^i 
Tvï 
..ill 
a 
"2 vEI 
TuT 
-7.!lo 
1 1 . - C  
-s.;-; 
1. 0 
-It..92 
23 . r c  
- " . 1 0  
3. -0 
:.oc 
:."o 
-1.57 
-l.Lï 
-l. ;-7 
-1. ;-7 
1.3L 
-2.U." 
-2A: 
:.6c 
17.33 
-.-03 - .03 
-0.50 
-1.01 
17.55 
-4.03 -;.C3 
-C.5C 
-i. 11 
- !.Lo 
11.90 
-1.01 
3-44 
17.55 
-19.93 
-2.98 
-5.3a 
2.03 
3.-7 
-5.00 
1.52 
Irbltal 13 
V rt_r..\vr. n 1 L 
VAC expansion 
2Pf 
Integrals 
1 
0.956516 0.1627:2 -3.0:.7'4c 
16"621 0.9CU51-  -0.0&1L65 
O.'O'ÉOI O.OP'L67 0.9369/7 
3.026656 3.115666 3.177652 
0.115866 0.402467 3.^50900 
•3.177652 0.450900 0.'61155 
DEi-OITV CC»T6T3LTIC-TT» 
VAC Populations Inter-Atomic Bond-Orders 
Crbltal D v g i 1 b 
i 2.016519 -0.C2Ç26U 1.991355 -0.064077 -C.25265? 0.032190 
1 1.669701 -3.183075 1.665626 -3.252653 -0.636421 0.405469 
b 0.114656 0.208462 0.323120 3.0*2190 0.405469 0.053928 
EXCr.AVJE. CCATT. IBVTICAC TC PAIRFCrVLATIC.so 
Promotion 3 ta te Snaring Penetration 
( Intra-Atonic ) (Intra-Atomic) •,' Inter-Atomic ) 
Orbital i 1 b 1 1 b 1 1 b 
i 1.997 -0. 001 -0. .335 -0.330 0. ,002 0. 004 -0.001 -0.013 •3.008 
1 
8
 
O
 1. 614 0, .072 0.002 -0. .036 -3. .086 -0.01? -0.138 0.272 
b 
-3.005 0, .372 - ,  .256 0.004 -0. 066 -0. 231 0.006 0.272 0.003 
Figure 6. Binding energy decomposition and description of 
electron distribution for , SAO approximation 
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INTRA-ATOMIC CONTRIBUTION TO BINDING ENERGY 
Promot ion Sharing 
Penetration 
Orbital  IS 2S 2Por/ Total  Orbi ta l  
KIN 
is I:A l b  OEI 
TOT 
-3.19 
6.90 
-2.24 
1.47 
-2.07 
2.24 
-4.51 
-4-34 
0.00 
0.00 
4.37 
4.37 
-3.40 
7.13 
-2.71 
1.02 
KIN 
,  SNA 
1  OEI 
TOT 
-0.35 
-0.35 
KIN 
2S OEI 
TOT 
-2.07 
2.24 
-4.51 
-4-34 
-4-43 
IB.17 
-3.67 
10.07 
0.00 
0.00 
2.23 
2.23 
-8.35 
22.U2 
-12.67 
1.39 
KIN 
.  SNA 
1  OEI 
TOT 
0.43 
0.43 
KIN 
OEI 
TOT 
0.00 
0.00 
4.37 
4.37 
0.00 
0.00 
2.23 
2.23 
4.30 
-17.65 
-0.81 
-14.16 
4.30 
-17.65 
12.84 
-O .51 
KIN 
.  SNA 
b  OEI 
TOT 
I .46 
1.46 
KIN 
OEI 
TOT 
-7.46 
11.90 
-2.55 
1.90 
KIN 
_ SNA 
3 e  OEI 
TOT 
INTER-ATOMIC CONTRIBUTIONS TO BINDING ENERGY 
Quasi-  Shar ing 
Be Be Classical  Penetrat ion Interference 
Total  
i 1 
i 1 
1 b 
1 1 
1 b 
b b 
KIN .57 .57 
SNA - .20 - .23 - .  kS .55 
OEI .e i  - .£1 - .^1 
TOT - ,0C .01 • fc-1  1 .01 
KIN 5.53 5.S3 
SNA - .03 -4.17 - .67 -5.E7 
vBI .11; - .  I t  
.CI 
TOT -.23 .  ic .69 .76 
KIN -1.  EC - l .LK 
SUA -.05 .43 .c:3 .46 
UEI - . i "6 -.il -.il 
TUT - .25 - .06 - .51 - .61 
KIN 
-.34 
2J.7Z 20. 72 
SNA - i c . e s  - IL ' . t 's  -2L.49 
OEI 
- .34 
1.  13 
- .26 .56 
TUT 1.  13 .  3C 1.C9 
KIN 
-.59 
-6.65 
-6.  65 
SiNA 
-1.75 
5.47 .52 5.42 
OEI 
-.59 
.«. I  
-1.73 
TOT -1.73 - .69 -3.C6 
KIN 
- .19 
c4 - .64 
SjA 
- .14 
- .13 - .13 - .45 
uBl - .  C2 - .  17 
TCT - .19 - .  14 -  .  3i  -  .  fct  
KIN 17.55 17.55 
SNA -1.S7 ~ S • 1- z -9.C3 -19.93 
OEI 
- !  .^7 
-2.  4 3 
TOT -  'c.,  4 i  -1. . '1 -3.  i t  
Be, 
Figure to, (Continued) 
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5i:.ji;.o ZI.3..JÏ rAv.riTivM:;a 
— -r  run.1 . '» ion — %ucis i  — ^ f tc.r in^ — Tot%l 
: 'RH .- . ÎC Classical  Penetrat ion Interference 
KIN 
39 
TJT 
-11.1% 
LC.qè 
<•19 
3.10 
G.00 
0.00 
0.00 
0.00 
1.01 
1.01 
-11.1k 
13.KO 
-3.13 
4.17 
KI;; 
ï  J? 
-2.02 
-2.02 
-2.37 
-2.37 
-13 
25.56 
.6i;  -13.04. 
-0.70 
-2.4O 
25.50 
-29.30 
-3.07 
-6.79 
KB: 
T:T 
-22.28 
36.96 
-S.30 
6.32 
0.00 
0.00 
o.co 
0.00 
-2.02 
-2.02 
-0.3/1.  
-0.3L 
-13 
25.5: 
.6! -13.64 
-0.70 
-2.4O 
3.30 
7.c5 
-0.1+3 
1.55 
VAC Expansion Cve "lap Integr als 
Orbital 15 22 2 ïV 1 1 b 
1 .974412 0, .2? -560 -0.C22222 0.043624 0.143376 0.206619 
1 -0, .224621 0 .971664 -0.073320 0. 1^3376 0.402896 0.444780 
b 0. .005200 0 .076-36 0.997061 
DEISJITY CCr. 
0. 
,T?.I5VTI0N3 
206619 0.444760 0.355059 
VAC : Pcpulati ons Inter-Atomic Bcnn-Orders 
Orbital D V a 1 1 b 
i 2.01c5C~ -0.C7I65 1.961319 -0.102796 -0.314162 0.05916? 
1 1.900619 -0.207965 1.692654 -0.314162 -0.847936 0 01794 
b 0.114671 0.210956 0.325827 0.059165 0.-01794 0.056056 
EXO.-A/.OE o c . - . 6  TC PAIPPCPULATI:.-^ 
Promotion State Sharing Penetration 
(Intra-Atomic) ' Intra-Atomic) (Inter-Atomic) 
Orbital i 1 b i 1 b i 1 b 
i 1. 967 - ,  .coo -0.006 -0.  .000 0.  001 0.C03 -0.002 -0. ,020 0. 017 
1 0. 000 1. .626 0.064 0, 0
 
0
 
-0.  .02? -0.079 -0.020 -0.  140 0, .267 
b -0.  006 0, .064 0.267 0.  .003 -0.  079 -0.212 0.017 0. 267 0. O O 
Figure 7. Binding energy decomposition and description of 
electron distribution for Be„. BAu annroximation d ' 
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Orbital  IS 
INTRA-ATOMIC CONTRIBUTION TO 3IHDING ENERGY 
Promot ion 
23 
Sharing 
Penetration 
2$<f Total  Orbi  ta l  
0.00 
0.00 
4.26 
4.26 
-6.66 
$8 
2.35 
1 
KIN 
SNA 
OEI 
TOT 
-0.62 
-0.62 
0.00 
0.00 
2.27 
2.27 
-5.63 
21.96 
-11.98 
1.35 
1 
KIN 
SNA 
OEI 
TOT 
0.18 
0.15 
4.15 
-17.38 
-0.85 
-14.07 
4.15 
-17.38 
12.68 
-0.54 
b 
KIN 
SNA 
uSI 
TOT 
1.45 
1.45 
IS 
23 
2P« 
Ki l l  -6.15 
NA 13.34 
OEI -3.99 
TOT 3.21 
KIN -2.57 
NA 2.79 
OEI 
-4.44 
TOT -4.22 
KIN 0.00 
NA 0.00 
OEI 4.26 
TOT 4.26 
-2.57 
2.79 
-4.w+ 
-4.22 
-4.01 
16.94 
-3.53 
9.41 
0.00 
0.00 
2.27 
2.27 
Be 
KIN 
NA 
OEI 
TOT 
-11.14 
I8.46 
-4.I9 
3.16 
KI:I 
SNA 
uEI 
TJT 
1.01 
1.01 
INTER-ATOMIC CONTRIBUTIONS TO BIDDING ENERGY 
Be Be 
Quasi-
Classlcal  Penetrat ion 
-Shar ing• 
Interference 
Total  
KIN 
" S 
TOT 
KIN 
'i S 
TOT 
KIN 
i » S 
TOT 
KIH 
1 i  SNA 
1  1  OEI 
TOT 
KIN 
i» 
TOT 
KIN 
TOT 
- . 0 0  
- . 0 0  
- .05 
- .05 
- .07 
- .07 
- .39 
- .39 
- . 6 0  
- . 6 0  
- . 2 1  
- . 2 1  
. 2 2  
. 02  
. 16  
.16  
- . 1 2  
- . 1 2  
1.14 
1.14 
-1.73 
-1.73 
- .  14 
- .14 
1.42 
- .72 - .72 
- .24 
- .27 
8.84 
-€.61 -1.78 
- .  15 
.30 
-2.23 
1.30 •  */6 
-.il 
- .65 
26. 1 4 
-13.74 -13.74 
- .27 
- 1 . 6 1  
7.51 
14 
-7.79 
- . 2 2  
. 16 
- .o l  
- . 0 2  
- .32 
.45 
- .14 
1.42 
-1.45 
- . £ 2  
- .25 
8.84 
-8.  43 
. 2 1  
.41 
-2.03 
1.29 
- .13 
- .87 
k.6.14 
-27.86 
.37 
- .35 
-7.79 
7.  39 
-1.75 
-a. .  15 
- .  2 1  
- .49 
- .  17 
- .67 
KIN 
B -  SNA -2.02 
2 OEI 
TOT -2.02 
-2.37 
-2.37 
25.56 
•13.64 -13.64 
-.11 
-2. 41 
25.53 
-29. 32 
-3.27 
-6.79 
rigure y .  i, Uontmuea y 
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Promotion-
?Rr 
Quasi-
F3C Classical Penetration 
-Sharing - Total 
Interference 
je 
VOT 
j';A 
' DEI 
TOT 
Ô :A 
:2 Oil 
0. 
-0.69 
6.75 
-2 .22  
3.C4 
-1.33 
13.50 
1:8 
1.33 
-2.56 
1.35 
0.12 
2.65 
-9.12 
2.70 
::.24 
-1.33 
-1.55 
_i „ r;p. 
-1.-5 
0.63 
0.63 
-1.25 
-1.23 
-0.01 
-O.'Jl 
. 4.19 . 
-3-01 -3.0I 
-1.50 
4.19 
-3-61 -3.61 
-1.50 
<.54. 
0.65 
4.19 
II. 19 
O.10 
-2.70 
-7.70 
5.47 
-0.72 
-3.25 
1.50 
Cr i  li 
y-iU expansion 
23 2 Pa-
Overlap Integrals 
1 
i 0.955675 -0.261--54 ;,.C0525i 
I 0.2E4400 0.95?672 -O.OLLgi] 
b 2.00753- 0.04-167 0.3?;995 
0.006697 -O.O67194 -0.035734 
-O.O67194 0.474305 0.406030 
-0.035734 c.406030 0.366469 
DENSITY CONTRIBUTIONS 
VAC Populations Inter-Atcmic Bond-Orders 
Orbital g v g i 1 b 
i 1.998169 -0.012324 1.965645 -0.019420 0.191204 -0.126391 
1 2.156202 -0.395455 1.760746 0.191204 -1.099352 0.351316 
b 0.0E?4l4 0.163993 0.253>08 -0.126391 0.351316 0.045926 
EXCHANGE CONTRIBUTIONS TC PAIRFCPULATICNS 
Promotion State Snaring Penetration 
(Intra-Atoaic) (Intra-Atoiric) ( Inter-Atomic ) 
Orbital i 1 b i 1 b i 1 b 
i 1.980 0. 001 0.005 -0.000 0.000 -0.005 -0. .000 -0.007 0. .012 
1 0.001 1. .789 -0.029 0.000 -0.001 0.013 -0, .007 -0.228 0. .222 
b 0.005 -0. 029 0.27S -0.005 0.013 -0.244 0. .012 0.222 0. .002 
Figure 8. Binding energy decomposition and description of 
electron aïsvriouvion ior aeg, BI»1AG approximation 
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INTRA-ATOMIC CONTRIBUTION TO BINDING ENERGY 
-Promotion-
Orbital 
IS 
PRH PRC 
2S 
PRH PRC 
2P<f 
PRH PRC PRH 
Total 
PRC TOT 
Sharing 
Penetration 
Orbital 
IS 
2S 
2P<r 
KIN -6.00 -O.Olf 
NA 13.02 O.Olj. 
OEI -3.44 -0.01 
TOT 3.59 -0.00 
KIN 2.55 0.01 
NA -2.77 -0.01 
OEI -2.65 0.03 
TOT -2.87 0.03 
KIN 0.00 
NA 0.00 
OEI 3.25 
TOT 3.25 
0.00 
0.00 
0.57 
0.57 
2.55 0 . 0 1  0.00 0.00 
- 2 . 7 7  -0.01 0.00 0.00 
-2.65 0 . 0 3  3 . 2 5  0.57 
- 2 . 8 7  0 . 0 3  3 . 2 5  0.57 
-2.98 0 . 1 1  0.00 0.00 
1 2 . 6 2  - 0 . 1 9  0.00 0.00 
- 3 . 2 2  0 . 0 1  2 . 1 9  0 . 1 7  
6.41 - 0 . 0 7  2 . 1 9  0 . 1 7  
0.00 0.00 3.1? 1. 2 5  0.00 0.00 - 1 3 . 3 4  - 2 . 4 1  
2 . 1 9  0.17 - 1 . 1 3  - 0 . 2 0  
2 . 1 9  0.17 - 1 1 . 2 8  - 1 . 3 5  
-5.35 -0.05 
12.32 0.05 
-4.13 -0.01 
2.83 -0.01 
1.47 0.13 
7.78 -0.20 
-S.l6 0.08 
1 . 0 9  o . o o  
-5 «4° 
1 2 . 3 6  
- 4 . 1 4  
2 . 8 3  
1 . 6 0  
7.56 
- 8 . 0 8  
1.10 
4.44 3 . 1 9  1 . 2 5  ,  
- 1 3 . 3 4  - 2 . 4 1  - 1 5 . 7 5  
10.07 1 . 2 8  1 1 . 3 5  
- 0 . 0 9  0.13 0 . 0 4  
KIN 
SNA 
OEI 
TOT 
KIN 
SNA 
OEI 
TOT 
KIN 
SNA 
OEI 
TOT 
-0.55 
- 0 . 5 5  
- 0 . 2 6  
- 0 . 2 6  
1 . 4 5  
1 . 4 5  
Be 
KIN 
NA 
OEI 
TOT 
- O . 6 9  1.33 
6.75 -2.56 
-2.22 1.35 
3.84 0.12 
0.65 
4.19 
-0.87 
3-96 
Be 
KIN 
SNA 
OEI 
TOT :8 
INTER-ATOMIC CONTRIBUTIONS TO BINDING ENERGY 
Quasi- Sharing Total 
Be Be Classical Penetratlon Interference 
i i 
i 1 
i b 
1 1 
1 b 
b b 
Be, 
KIN . t. 6 .  OÛ 
SNA -.01 -.07 -.07 
-.15 
OEI .00 -.1:4 
-. t.3 
TOT -.21 -.11 -. id. 
KIN 3.21. 3. c/ 
SNA -.10 -5.21 . Ik. -5.^1 
OEI .26 -.57 -,5c 
TOT -.12 .«6 -2. 1 /  -2. 52 
KIN -. til -.51 
SNA -.05 3.2S - . 1.4 3.2k. 
OEI -.03 -. *2 ". l l  
TOT -.05 - .eg 2.42 2.c9 
KIN 3.22 3.22 
SNA -.70 -1.23 -1 • ^ 3 -3.15 
OEI 1.74 -. 2C 1. 49 
TOT -.70 1.74 .51 1.55 
KIN -1.86 -1.86 
SNA -.40 -1. 12 . 72 -.îlô 
OEI -1.43 .f-e -1.43 
TOT -.40 -1.43 -2.26 -4.liS 
KIN -.17 -.17 
SNA -.07 -.:c -.06 -.2% 
OEI -.12 -.02 -. 14 
TOT -.07 -.12 -.32 -.50 
KIN 4.15 4. IS 
SliA -1. 53 -3.61 -3.61 -S. li 
OEI -1.28 -1. 5i -2.73 
TOT -I .85 -1 .2 :  -4.54 -1.1; 
Figure Ô. (Continued) 
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dlî.Ji:,J 2I.H..JÏ i-nariïIvK:i.v 
Promotion Quasi- Sharing rotai 
PRH PRC Classical Penetration Interference 
KIN -1.31 0.00 -1.?1 
HA 3.61 0.00 2-4 
USI 3.01 0.00 12.73 lc.%. 
TUT 6.12 0.00 12.73 IE.S3 
KIK -17.CG -17 .0-3 
SNA -1.85 -0.05 —OoOp -1.95 
OEI -15.76 -1.38 -17.17 
TOT -1.85 -15.73 -19.37 -37.00 
Hlli -2.62 0.00 -17.ee -20.50 
SEA 7.22 0.00 -1.85 -0.05 -0.05 5.27 
OEI 7.62 0.00 9.69 -1.36 13.93 
TOT 12.23 0.00 VA
 
9.69 -19.37 0.70 
VALENCE ATCX:: ORBITAL: 
-VAO Expansion Overlap Integrals -
Orbital 13 23 2Sr i 1 b TT 
i 0.999963 0.002605 -3.008241 -0.0012?4 0.045482 0.136141 0 
1 -0.003638 0.991772 -0.127966 0.045482 0.368105 0.456548 0 
b 0.007839 0.127993 0.991744 0.106141 0.458548 0.423028 0 
1T (Unhybridized) 0 0 0 0.316034 
DENSITY CONTRIBUTIONS 
VAO Peculations Inter-Atomic Bond-Orders 
Orbital 0 a 1 1 b Tf 
1 2.011353 -0.008422 2.002931 -0.001270 -O.O9825I -0.037259 0 
1 1.651663 -0.066011 1.585653 -0.096251 -0.751039 0.468696 0 
b 0.166513 0.242903 0.411416 -O.O37259 0.468696 0.075499 0 
V 0.759858 0.240141 1.000000 0 0 0 0.759858 
EXCHANGE CONTRIBUTIONS TC PAIRPCPULATICro 
Promotion State Snaring Penetration -
(Intra-Atomic) (Inter-Atomic) 
Orbital 1 1 b ir 1 1 b TT 1 1 b TT 
1 2. .008 -0.001 -0. .002 -0.002 0. ,000 0.001 0. ,001 0. .002 0. ,000 -0. ,002 -0.303 0 
1 -0. 001 1.398 0, .041 0.074 0. 001 O O -0. ,049 -0, .074 -0. 302 -0. ,095 0.326 0 
b -0. .002 0.041 0. 158 0.107 0. 001 -0.049 -0. 071 -0, .107 -0. 003 0. .326 0.010 0 
Tr 
-0, .002 0.074 0, .107 0.660 0, .002 -0.074 -0. 107 -0 .160 0 0 0 0.500 
Tf 
-0, .002 0.074 0. 107 0.160 0.  002 -O.O74 -0. 107 -0 .160 0 0 0 0 
Figure 9. Binding energy decomposition and description of 
electron distribution for CL, SAO approximation 
INTRA-ATOMIC CONTRIBUTION TO BINDING ENERGY 
Orbital IS 28 
Promotion— 
2Po* 2PtT 2Pfr Total Orbital 
Shar ing  
Penet ra t ion  
KIN 
NA 
Jk' OEI 
TOT 
1.25 
-2.63 
0.29 
-I.09 
0.01 
-0.01 
-9.38 
-9.38 
0.00 
0.00 
9.47 
9.47 
0.00 
0.00 
0.08 
0.08 
0.00 
0.00 
0.08 
0.08 
1.25 
-2.63 
.1:11 
1 
KIN 
SNA 
OEI 
TOT 
0.06 
0.06 
KIN 
oc. NA 
OEI 
TOT 
O.Ol 
-0.01 
-9.38 
-9.38 
-18.05 
63.40 
-6.43 
38.91 
0.00 
0.00 
V4 
0.00 
0.00 
-3.69 
-3.69 
0.00 
0.00 
-3.69 
-3.69 
-18.03 
63.37 
-41.39 
3.95 
1 
KIN 
SNA 
OEI 
TOT 
1.94 
1.94 
KIN 
2ÏW OEI 
TOT 
0.00 
0.00 
9.47 
9.47 
0.00 
0.00 
l-M 
15.47 
-57.13 
0.06 
-41.60 
0.00 
0.00 
2.49 
2.49 
0.00 
0.00 
2.49 
2.49 
15.47 
-57.13 
39.75 
-1.91 
b 
KIN 
SNA 
OEI 
TOT 
2.69 
2.69 
KIN 
2P
" OH 
TOT 
0.00 
0.00 
0.08 
0.08 
0.00 
0.00 
-3.69 
-3.69 
0.00 
0.00 
2.1+9 
2.49 
0.00 
0.00 
33:& 
0.00 
0.00 
-1.07 
-1.07 
0.00 
0.00 
2.37 
2.37 
IT 
KIN 
SNA 
OEI 
TOT 
4.02 
4.02 
KIN 
2P
" OEI 
TOT 
0.00 
0.00 
0.08 
0.08 
0.00 
0.00 
-3.69 
-3.69 
0.00 
0.00 
2.49 
2.49 
0.00 
0.00 
-1.07 
-1.07 
0.00 
0.00 
m 
0.00 
0.00 
2.37 
2.37 
TT 
KIN 
SNA 
OEI 
TOT 
4.02 
4.02 
KIN 
P NA 
OEI 
TOT 
Figure 9. (Continued) 
-1.31 
3.61 
3.81 
6.12 
c 
KIN 
SNA 
OEI 
TOT 
12.73 
12.73 
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INTER-ATOMIC CONTRIBUTIONS TO BINDING ENERGY 
C C 
Quasi-
Classical Penetration 
• Sharing-
Interference 
Total 
i i 
i b 
i ÏÏ 
1 1 
1 b 
ITT 
b b 
b Tf 
rrtr 
TTTf 
KIN 
SNA 
OEI 
TOT 
KIN 
SNA 
OEI 
TOT 
KIN 
SNA 
OEI 
TOT 
KIN 
SNA 
OBI 
TOT 
KIN 
SNA 
OEI 
TOT 
KIN 
SNA 
OEI 
TOT 
KIN 
SNA 
OEI 
TOT 
KIN 
SNA 
OEI 
TOT 
KIN 
SNA 
OEI 
TOT 
KIN 
SNA 
OBI 
TOT 
KIN 
SNA 
OEI 
TOT 
. 0 0  
. 0 0  
-.03 
-.03 
-.05 
-.05 
.00  
. 0 0  
.06 
. 0 6  
-1.14 
-1.14 
.38 
.38 
-.45 
-.48 
-.59 
-.59 
.63 
.63 
.30 
.30 
- . 0 0  
- . 0 0  
.03 
.03 
.04 
.04 
.00  
.00  
1.69 
1.69 
-3.66 
-3.66 
. 08  
. 08  
-.43 
-.43 
-.07 
-.07 
-4.94 
-4.94 
- . 2 2  
- .02  
.00 
-.48 
-.53 
-.04 
- . 0 0  
-.30 
2.20 
-.04 
1.52 
1.86  
- . 0 1  
1.24 
.KB 
- . 0 0  
-.04 
.00  
- . 1 6  
- . 0 8  
. 0 0  
2 1 . 6 2  
-7.73 -7.73 
- . 6 1  
5.54 
4.35 
-.94 
-.30 
-12.34 
.26 
•4.96 
-.23 
-.75 
-.45 
• KI 
-1.03 
-.27 
2.37 
- . 1 0  
-.17 
-.51 
-11.24 
.23 
- 6 . 2 b  
. 0 0  
-.04 
-.25 
2.26 
.41 
-.30 
-.58 
2.37 
- . 1 0  
-. 00 
. 00  
- . 0 0  
- . 0 0  
2.20 
-.67 
- . 0 1  
1.51 
1 .86  
- . 6 6  
.03 
1.23 
. 00  
-, 03 
. 0 0  
-.03 
2 1 . 6 2  
-13.40 
1.03 
7.29 
-12.34 
5.98 
-3.40 
-9.76 
.00 
-. 15 
-. 14 
-.29 
-.45 
-1.07 
-.42 
-1.94 
-1.24 
-.23 
-1.47 
-11.24 
5.36 
-4.72 
,60 
.00 
.09 
-.07 
. 0 2  
- 1 0  
KlJ 
C SNA 
2 OEI 
-17.88 
-1 .85 -.05 -.05 
-15.73 
- I =, 7 Q 
- 1 . 01 
-19, ?7 
-17.33 
-1.95 
-17.17 
-37. 
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c  
i l IOINJ EKShJX ?n.-.TinvKI»G 
-Promotion Quasi- Sharing Total 
?3H PRC Classical Penetration Interference 
KIN -0.°2 0.C0 -C.92 
KA 3.68 0.C0 3:68 
OEI 3.25 6.CO 12.50 15.75 
TCT 6.21 0.00 12.50 18.71 
KIN -17.12 -17*12 
— $ -1-99 ->5.?6 VTOT - 1 . 9 9  -15.86 -18.ji -30. 1 6  
KIN -1.8k 0.00 -17.12 -16.96 
51,'A 7.76 0.00 -1.99 0.1k O.II4. 0.0> 
2 uSI 6.50 0.00 9.Ill -1.4-7 I4.I7 
TOT 12.42 0.00 -I.99 9.1k -I8.3I 1.26 
VALENCE ATOMIC CF.BITALS 
Orbital IS 
VAC Expansion 
2S 2 ?tf 
Overlap Integrals 
1 b 
1 O.999934 -1.007727 -3.008449 -0.002516 0.041364 0.105742 
1 0.006582 0.991756 -0.127973 0.041364 0.371707 0.476079 
b 0.009368 0.127909 0.991742 3.105742 0.476079 0.412981 
TT ( Uni-y br id! zed) 0 0 0 
0 
0 
0 
0.338306 
DENSITY CONTRIBUTIONS 
Orbital 
VAO Populations 
v 
Inter-Atonic Bono-Orders 
1 b 1T 
1 2.C11271 -0.008080 2.003190 
1 1.629865 -0.059478 1.570387 
b 0.173896 0.252526 0.426422 
1T 0.747213 0.252767 1.000000 
0.001457 -0.090255 -0.041078 0 
-0.090255 -0.753142 0.470938 0 
-3.041078 0.470936 0.079098 0 
0 0 0 0.747213 
EXC-A.V3E CC.vTRIBUTICr.3 TO PAIF.PCPULATIONS 
Orbital 
Promotion State 
(Intra-Atomic) 
1 b 
Sharing Penetration 
TT 
(Intra-Atomic) 
1 b TT 1 
(Inter-Atomic) 
1 b TT 
1 2.009 -0.001 -0.001 -0.002 
1 -0.001 1.377 0.043 0.076 
b -0.001 0.043 0.168 0.109 
Tf -0.002 0.076 0.109 0.659 
T? -0.002 0.076 0.109 0.159 
0.000 0.001 0.001 0.002 
0.001 -0.036 -0.052 -0.076 
0.001 -0.052 -0.074 -0.109 
0.002 -0.076 -0.109 -0.159 
0.002 -0.076 -0.109 -0.159 
0.000 -0.002 -0.003 0 
-0.002 -0.095 0.335 0 
-0.003 0.335 0.010 0 
000 0.500 
O O O O  
Figure 10. Binding energy decomposition and description of 
electron distribution for C2, BAO approximation 
INTRA-ATOMIC CONTRIBUTION TO BINDING ENERGY 
O r b i t a l  I S  28 
P r o m o t i o n —  
2 P y  2 P t t  2 P 7 T  T o t a l  
S h a r i n g  
P e n e t r a t i o n  
O r b i t a l  
K I N  
. . . .  N A  
-
L
"  O E I  
T O T  
1 . 3 3  
- 2 . 8 1  
0 . 3 7  
- 1 . 1 1  
0 . 5 3  
- 0 . 5 6  
- 9 . 5 7  
- 9 . 6 0  
0 . 0 0  
0 . 0 0  
0.00 
0.00 
0 . 0 8  
0 . 0 8  
0 . 0 0  
0 . 0 0  
0 . 0 8  
0.08 
1 . 3 2  
- 2 . 8 O  
0.80 
- 0 . 6 8  
i  
K I N  
S N A  
O E I  
T O T  
0 . 0 7  
0 . 0 7  
K I N  
, , , ,  N A  
O E I  
T O T  
0 . 5 3  
- 0 . 5 6  
- 9 . 5 7  
- 9 . 6 0  
- 1 8 . 2 0  
6 k .  8 0  
4 o i o k  
0 . 0 0  
0 . 0 0  
! i : %  
0 . 0 0  
0 . 0 0  
- 3 . 7 2  
- 3 . 7 2  
0 . 0 0  
0 . 0 0  
- 3 . 7 2  
-3.72 
- 1 7 . 1 3  
63.67 
- 4 2 . 0 7  
4 . 4 7  
1  
K I N  
S N A  
O E I  
T O T  
1 . 9 H  
1 . 9 8  
K I N  
T O T  
0 . 0 0  
0 . 0 0  
Ui 
0 . 0 0  
0 . 0 0  
14. 8 9  
- 5 6 . 9 8  
0 . 0 8  
-42.01 
0.00 
0 . 0 0  
2.49 
2.49 
0.00 
0 . 0 0  
2 . 4 9  
2 . 1 - 1 - 9  
4:P 
3 9 .  
- 2 . 2 b  
b  
K I N  
S N A  
O E I  
T O T  
2.68 
2.68 
K I N  
2 i V  O E I  
T O T  
0 . 0 0  
0 . 0 0  
0 . 0 8  
0 . 0 8  
0 . 0 0  
0 . 0 0  
- 3 . 7 2  
-3.72 
0 . 0 0  
0 . 0 0  
2.49 
2.49 
0.00 
0 . 0 0  
3.36 
3 . 3 6  
0 . 0 0  
0 . 0 0  
- 1 . 0 2  
- 1 . 0 2  
0 . 0 0  
0 . 0 0  
2.34 
2.34 
T T  
K I N  
S N A  
OEI 
T O T  
3.88 
3.88 
K I N  
2 1  >W 
T O T  
0 . 0 0  
0 . 0 0  
0 . 0 8  
0 . 0 8  
0 . 0 0  
0 . 0 0  
-3.72 
-3.72 
0.00 
0 . 0 0  
2.49 
2.49 
0 . 0 0  
0 . 0 0  
- 1 . 0 2  
- 1 . 0 2  
0 . 0 0  
0.00 
3.36 
3.36 
0.00 
0 . 0 0  
2.34 
2 . 3 4  
TT 
K I N  
S N A  
OEI 
T O T  
3.88 
3 . 9 8  
K I N  
r  N A  
OEI 
T O T  
-0.92 
3.80 
3.25 
6.21 
C  
K I N  
S N A  
O E I  
T O T  
1 2 . 5 0  
1 2 . 5 0  
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INTER--ATOMIC CONTRIBUTIONS TO BINDING ENERGY 
Quasi- Sharing Total 
c c Classical Penetration Interference 
KIN . 00 .00 
i i SNA - . 0 0  - . 0 0  - . 0 0  - . 0 0  
OEI 
-.012 - . 6 0  - ,  0 0  
TOT 
- . 2 0  - . 0 0  -.20 -.00 
Kill 1 . 3 2  1 . 3 2  
i 1 SNA - . 2 3  -.13 13 - . 3 4  
OEI 
. 2 2  -.04 - . 0 2  
TOT 
-.03 . 0 2  1 . 4 7  1 . 4 6  
KIN 2 . 0 2  2 . 0 2  
i b SNA - . 0 6  -.44 -.09 -.58 OEI • 04 -.LI . 0 3  
TOT 
- . 0 6  .04 1. 48 1.47 
KIN •  0 i  .00 
i "TT SNA . 0 0  - . 2 3  - . 0 0  -.03 OEI 
. 0 0  -.6:0 . 0 0  
TOT 
. 0 0  .00 -.03 -.23 
KIN 20.04 20.04 
1  i  SNA .08 - 6 . 8 6  - 6 . 8 6  - 1 3 . 6 5  OEI 1.71 - . 6 1  1. 1 0  
TOT 
. 0 8  1.71 5.70 7.49 
KIN 1 1.62 -11. 6 2  
SNA 
- 1 . 2 1  4.23 2.16 5 . 1 8  1 b OEI 
-3.74 .25 -3.49 
TOT 
-1.21 -3.74 -4.97 -9.93 
KIN .00 . 0 0  
1  T T  SNA .41 -.95 .41 - . 1 3  OEI 
.08 - . 2 3  - . 1 5  
TOT 
.41 . 0 8  -.77 - . 2 8  
KIN 
-.30 -.30 
b b SNA -.57 -.38 -.38 -1.32 
OEI 
-.44 . 0 1  -.43 
TOT 
-.57 -.44 -1.04 -2.05 
KIN 
.00 . 0 0  
b Tf SNA -.65 - . i t S  -.59 -1.31 OEI 
-.07 - . 1 8  -.24 
TOT 
-.65 -.07 -.84 -1.56 
KIN _ 10.65 -10.65 
T T  T f  SNA . 6 9  2.25 2 . 2 5  5.19 
OEI 
-4.90 . 22 -4.68 
TOT 
.69 -4.90 -5.92 -10. 13 
KIN .00 .00 
TTT? SNA . 3 3  -.10 -.10 .13 OEI 
- . 8 2  -.05 -.07 
TOT 
. 3 3  -.02 -.26 .03 
KIN 17. 12 -17. 12 
SNA 
-1 .99 .14 •  1  * 1  -1.71 
2  OEI 
-15.36 -1.47 - 1 7 . 3 3  
- - -
-1.9S -15.66 • O.vl -Oi. iC, 
Figure 10. (Continued) 
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B:;OII.J ENERGY >».iririv:.i!.o 
•Promotion Quasi- Sharing — iOtal 
PRH PRC Classical Penetration Interference 
c 
KIM 
KA 
OEI 
TOT 
-31.37 . 
49.80 
-5.il 
13.32 
13.02 
-22.15 
9.75 
0.61 
9.82 
9.62 
-13.35 
27. 
ll|.l|0 
23.75 
3ond 
KIIC 
SKA 
•JE1 
TOT 
-1.23 
-1.28 
-13.27 
-13.27 
40.55 
-35.39 -35.39 
-2.15 
-32.35 
40.55 
-72.07 
-15.41 
-46.93 
C2 
KI" 
SKA 
OEI 
TOT 
-62.74 
99.60 
-10.22 
26.64 
26.04 
-44.30 
19.50 
1.22 
-1.26 
-1.23 
6.38 
6.38 
lxo.55 
-35.39 -35.39 
-2.15 
-32.38 
-d:% 
lïM 
VALENCE ATCMIC CP.BITAIS 
VAC Expansion Overlap Integrals 
Orbital IS 2S 21V i _1 b 
1 0.971602 0.234768 -0.029554 0.045591 0.143532 0.160455 0 
1 -0.236:2s 0-969013 -0.071756 0.143532 C.379011 0.340976 0 
b 0.0117S6 0.076732 0.996982 0.160455 0.340976 0.369155 0 
TT (Unhybridized) 0 0 0 0.322570 
DENSITY CC:.T?.I3UTI0«S 
VAC Populations Inter-Atoaic Bond-Orders 
Orbital E v q 1 1 _b TT 
i  2.015397 -0.037306 1.976090 -0.106236 -O.3IC238 0.052356 0 
1 1.909059 -0.210281 1.498778 -O.3I8238 -0.627265 0.436824 0 
b 0.135546 0.137586 0.323132 0.082356 0.436824 0.065335 0 
1T 0.756104 0.243696 1.000000 0 0 0 0.756104 
EXCHANGE CONTRIBUTIONS TO PAIF.PCPÏLATÏCfti 
Promotion State Snaring Penetration 
(Intra-Atomic) (Intra-Atomic) 
Orbital i 1 b TT 1 1 b ir 1 1 b „_1T 
1 1.980 0.002 -0.002 -0.000 0, .000 0.000 0. ,000 0 .000 -0. .002 -0.019 0.019 0 
1 0.002 1.600 0.015 0.041 0. ,000 -0.010 -0. .023 -0 .041 -0. ,019 -0.120 0.254 0 
b -0.002 0.015 0.110 0.100 0, 000 -0.023 -0. .056 -0 .100 0, .019 0.254 0.006 0 
7r 
-0.000 0.041 0.100 0.679 0. 000 -0.041 -0. 100 -0, .179 0 0 0 0.500 
T? 
-0.000 0.041 0.100 0.179 0. .000 -3.041 -0. ,100 -0. 179 0 0 0 0 
Figure 11. Binding energy decomposition and description of 
c-LoCtron distribution for BMAO approximation 
INTRA-ATOMIC CONTRIBUTION TO BINDING ENERGY 
IS 23 2 Per* 
-Promotion -
2i'rr 2P nr 
Orb! tal PRH PRC PRH PRC PRH PRC PRH PRC PRH PRC PRH 
IS 
KIN-
NA 
OEI 
TOT 
-16.52 
34.94 
-6.72 
11.70 
0.36 
-O.38 
-0.06 
-0.00 
-7.01 
7.41 
-7.40 
-7.00 
-0.1.7 
0.18 
0.53 
0.53 
0.00 
0.00 
6.39 
6 . 8 9  
0.00 
0.00 
1.72 
1.72 
0.00 
0.00 
-0.40 
-0.40 
0.00 
0.00 
0.51 
0.51 
0.00 
0.00 
-0.40 
-0.40 
0.00 
0.00 
0.51 
0.51 
-18.11 
36.63 
-10.05 
8.47 
2S 
KIN 
NA 
OEI 
TOT 
-7.01 
7.41 
-7.4O 
-7.00 
-0.17 
0.18 
0.53 
0.53 
-11.93 
42.40 
-5.09 
25.47 
3.06 
—4.62 
0.09 
-1.47 
0.00 
0.00 
4.10 
4.10 
0.00 
0.00 
0.48 
0.48 
0.00 
0.00 
-2.35 
-2.35 
0.00 
0.00 
0.24 
0 . 2 4  
0.00 
0.00 
-2.35 
-2.35 
0.00 
0.00 
0.24 
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2 Pi/ 
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0.51 
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0.00 
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0.15 
0.00 
0.00 
3.06 
3.08 
1.73 
-3.26 
0.05 
-1.49 
0.00 
0,00 
1.91 
1.91 
Total 
PRC TOT Orbital 
Sharing 
Penetration 
0.33 -
-0.3( 
-o.cn 
-o.oe 
2.75 -2 
-I1-.30 5 
1.62 -2 
0.08 
6.1)-8 1 
-10.98 -5 
5.07 •> 
0.5" 
1.7 
"3.2 
1.f 
o.c 
1.73 
-3«2p 
1.54 
0.01 
17.78 
36.27 
-10.07 
8.1)1 
1.73 
3.26 
KIN 
, SNA 
1 OEI 
TOT 
KIN 
,  SNA 
1 OEI 
TOT 
KIN 
» 
TOT 
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Tf SNA 
'  OEI 
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KIN 
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-1.18 
-1.18 
0.35 
0.35 
2.51 
2.51 
k.08 
4.08 
4.. 08 
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NA 
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INTER-ATOMIC CONTRIBUTIONS TO BINDING ENERGY 
C C 
Quasi-
Classical Penetration 
•Sharing 
Interference 
Total 
KIN 3. 3.52 
SNA -.00 -1.97 -1.97 -3.95 
OEI .03 -.06 -.03 
TOT - . 0 0  .03 -.49 -.46 
KIN 21.75 21.75 
SNA -.07 -16.51 -5.53 -22.17 
OEI .30 -.26 . 04 
TOT -.07 .3i - . 6 1  -.33 
KIN -5.39 -5.39 
SNA - . 0 8  3.31 .34 4.08 
OEI - . 2 2  -.01 -.23 
TOT -.05 -.22 -1.24 -1.54 
KIN . 00 .00 
SNA .04 -.15 .06 -.06 
OEI .02 -.01 .01 
TOT .04 .02 -.11 -.05 
KIN 7%.43 70.48 
SNA -.73 -39.32 39.32 -79.37 
OEI 1.96 -.79 1.17 
TOT -.73 1.96 -8.96 -7.73 
KIN -21.43 -21.43 
SNA -.69 18.99 2.37 20.67 
OEI -2.34 .21 -2.63 
TOT -.69 -2.34 . 14 -3.39 
KIN . 0 0  .02 
SNA .15 -1.07 .59 -.33 
OEI . 13 -.24 -. 12 
TOT .15 .13 -.73 -.45 
KIN -1.17 -1.17 
SNA -.13 -.03 -. k.3 -. 19 
OEI -.34 • *- 1 -.33 
TOT -.13 -.34 -1.23 -1.69 
KIN . tic .00 
SNA -.35 - . 1cA -.4k: -.79 
OEI -.05 - .  1 1  -.16 
TOT -.35 -.65 - . 5 5  -.95 
KIN - 1 1 . C . 7  — 11.167 
SNA .64 2 . 3 7  2.37 5.39 
OEI -4.86 . 1 8  -4.63 
TOT .64 -4.86 -6.14 -10.36 
KIN .00 .00 
SNA .31 - . 1 0  - . l L  . 10 
OEI -.02 -.04 -.07 
TOT .31 -.02 -.25 .03 
KIN 
SNA 
OEI 
-1.23 
-  i  o o  
-13.27 
_  1  7  < - > 7  
40.55 
-35.39 
-2.15 
- t o  7  -
3 5 . 3 9  
4«,. 55 
-72.07 
-15.41 
i i 
i 1 
i b 
i ir 
i i 
1 b 
i ir 
b b 
b TT 
7T 7T 
-rr-rr 
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JlIUKw ûi-^iGÏ fncririvMKG 
-rro::.otivn Quasi- Sharing Total 
PRK PRC Classical Penetration Interference 
KIK 0.62 0.00 0.62 
KA 0.17 0.00 0.17 
uil 7.25 0.00 l4.08 21.1)3 
ToT 5.1%. 0.00 1%.06 22.22 
Kin -33.39 -33.39 
-Arw., S:;A -5.62 7.81 7.Si 9.99 
rond CEI -20.3k -1.98 -22.22 
ÏVT -5.62 -20.2k -19.75 -1)5.62 
0.00 -33.39 -32. . 15 
„ S;:A 0.3k 0.00 -5.62 7.81 7.81 10. M 
2 021 Ik. 70 0.00 7.93 -1.98 20.65 
TCI 
1.^  
Î6.29 0.00 -5.62 ?.9j -19.75 -l.lè 
VALENCE ATOMIC CR5ITAL5 
Orbital 15 
• VAC Expansion -
23 2 Pa-
i 0. =>620-7 
1 0.271464 
b 0.027769 
IT 
-0.251559 
0. £42797 
0.475828 
(Unnybrviized) 
0.105749 
-0.464759 
0.879099 
0.001108 
-0.31929+ 
0.002251 
0 
Overlap Integrals • 
1 b 
-0.01929k 
0.052611 
0.302377 
0 
0.002251 
0.302377 
0.716891* 
0 
IT 
0 
0 
0 
0.2É2041 
DENSITY CONTRIBUTIONS 
Orbital p 
VAC Populations• 
v 
1 2.000744 
1 2.161576 
b 0.640336 
1T 0.7f00n6 
-0.000784 
-0.115C17 
0.3139V* 
0.21999k 
1.999961 
2.045759 
0.954280 
1.000000 
•Inter-Atonic Bond-Orders-
1 b 
-0.002177 0.039370 -0.00955k 0 
0.039370 -0.159915 -0.352581 0 
-0.009554 -0.352581 0.586667 0 
0 0 0 0.780006 
EXCr.A3.GE CONTRIBUTIONS TO PAIR POPULATIONS 
Promotion State-
(Intra-Atomie) 
-Snaring Penetration -
( Intra-Atosiic ) (Inter-Atomic) 
Orbital i 1 b Tr i 1 b TT i 1 b TT 
i 2. .000 0.000 -0.000 -0, .000 0.000 0, .000 0. .000 0.000 0. .000 -0. .000 0. .000 0 
1 0. .000 2.128 -0.034 -0. 024 0.000 -0. .003 0, .022 0.024 -0. .000 -0, .004 -0. 062 0 
b -0. .000 -O.O34 0.662 0 .163 0.000 0. ,022 -0. 147 -0.163 0. 000 -0. 062 0, • 51k 0 
71r 
-0. .000 -0.024 0.163 0 .681 0.000 0. 024 -0. 163 -O.I8I 0 0 0 0.500 
Tf -0. .000 -0.024 0.163 0 .181 0.000 0. 024 -0. 163 -O.I8I 0 0 0 0 
Figure 12. Binding energy decomposition and description of 
electron distribution for Ng, SAO approximation 
INi'RA-ATOMIC CONTRIBUTION TO BINDING ENERGY 
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2P
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INTER-ATOMIC CONTRIBUTIONS TO BINDING ENERGY 
N N 
Quasi-
Classical Penetration 
-Sharing 
Interference 
Total 
KIN .00 .00 
SNA .01 -.01 -.01 -. nfcs 
OEI .00 -.02 -.00 
TOT .01 .00 -.01 -.00 
KIN .51 .51 
SNA .26 -.79 .01 -.52 
OEI .01 -.03 -.02 
TOT .26 .01 -.31 -.04 
KIN .152 .02 
SNA 
-.34 1.33 -.01 . 9 8  
OEI 
.00 -.20 -.20 
TOT 
-.34 .00 1. 15 .80 
KIN .00 .00 
SNA 
.06 -.04 . LL .02 
OEI .00 -.01 -.01 
TOT 
.06 .00 -.05 .01 
KIN .70 .70 
SNA 5.96 -.14 -.14 5.69 
OEI .04 -.05 -.01 
TOT 5.96 .04 .33 6 . 3 9  
KIN 8.40 8. 40 
SNA 
-4.75 2.90 -3.34 -5.19 
OEI .96 -.13 .83 
TOT 
-4.75 .96 7.84 4.05 
KIN .00 .00 
SNA 1.49 -.58 .09 1.00 
OEI .07 -. £1 .  0 6  
TOT 1.49 .07 -.50 1 . 0 6  
KIN 
-20.73 -20.73 
SNA 
-2.37 3.98 3.98 5.59 
OEI 
-10.70 .36 -10.34 
TOT 
-2.37 -10.70 -12.41 -25.48 
KIN .20 .00 
SNA 
-1.89 -.51 -.19 -2.59 
OEI -.07 -.49 -.56 
TOT 
-1.89 -.07 -1.19 -3.15 
KIN 
-15.61 -15.61 
SNA .62 3.27 3.27 7.16 
OEI -5.72 . 2 6  -5.46 
TOT .62 -5.72 -8.80 -13.91 
KIN .00 .00 
SNA .28 -.11 -.11 .06 
OEI -.03 -.04 -.07 
TOT .28 -.03 -.26 -.01 
KIN 
SNA 
OBI 
-5.62 
-20.24 
7.81 
-33.39 
-1.98 
7.81 
-33.39 
9.99 
-22.22 
i i 
i 1 
1 b 
i TT 
1 1 
1 b 
1 TT 
b b 
b TT 
irir 
TTTf 
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3INDIU liNEaJÏ I'm . 'IJIuHW 
-Promotion Quaal- i iru-rlng Total 
PRH PRC Claaaloal Penetration Interference 
KIM 0.97 0.00 0.97 
„ NA -0.11 0.00 -0.31 
021 7.Ik 0.00 13.76 20.92 
TOT 8.00 0.00 13.78 21.78 
KIM -30.54 -30.54 
-„nr t  SKA -5 .72 7.09 7.09 8.45 
3ond OEI -19.93 -2.09 -22.02 
TOT -5 .72 -19.93 -18.45 -44-11 
KIM 1.94 0.00 -30.54 -26.6O 
„ SNA -0.22 0.00 -5 .72 7.09 7.09 8.23 
2 OEI lk.28 0.00 7.62 -2.09 19.82 
TUT 16.00 0.00 -5 .72 7.62 -18, 4 5  -0.55 
VALENCE ATOMIC C?,3 IT Aid 
Orbital IS 
•VAO Expansion• 
2a 2P<r 
Overlap Integrals -
1 b 
1 0.964526 -0.245545 0.096936 
1 0.262105 0.646986 -0.462507 
b 0.031463 0.471508 0.681300 
TT (Unnybridlzed) 
0.000744 -0.020722 0.002355 
-0.020722 0.055736 0.314232 
0.002354 0-314232 0.718822 
0 0 0 
7T 
0 
0 
0 
0.292360 
DEnoITY CONTRIBUTIONS 
VAO Populations Inter-Atomic Bond-Orders 
Orbital p V a i 1 b TT 
i 2.000854 -0.000904 1.999951 -0.001439 0.042365 -0.010485 0 
1 2.175132 -0.125560 2.049573 0.042366 -0.170810 -0.366484 0 
b 0.644-000 0.306477 0.950477 -0.010463 -0.366464 0.566602 0 
Tr 0.773766 0.226234 1.000000 0 0 0 0.773766 
EXCnANUE CONTRIBUTIONS TO PAIRPOFULATIOto 
Promotion State Snaring Penetration 
(Intra-Atomlc) (Intra-Atomic) (Inter-Atomic) 
Orbital 1 1 b TT 1 1 b TT i 1 b TT 
1 2.000 0.000 -0.000 -0. .000 0. 000 0.000 0. ,000 0. .000 0, ,000 -0.000 0. .000 0 
1 0.000 2.139 -0.037 -0. .026 0. ,000 -0.004 0. ,024 0, .026 -0. .000 -0.004 -0. .068 0 
b -0.000 -0.037 0.662 0. 163 0. .000 0.024 -0. 145 -0. 163 0, .000 -0.068 0. 515 0 
TT -0.000 -0.026 0.163 0, .662 0. 000 0.026 -0, .163 -0. ,182 0 0 0 0.500 
Tr -0.000 -0.026 0.163 0 .182 0. ,000 0.026 -0, .163 -0. ,162 0 0 0 0 
Figure 13. Binding energy decomposition and description of 
electron distribution for N2> BAO approximation 
INTRA-ATOMIC CONTRIBUTION TO BINDING ENERGY 
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INTER-ATOMIC CONTRIBUTIONS TO BINDING ENERGY 
N N 
Quasi-
Classical Penetration 
-Sharing-
Interference 
Total 
1 i 
i 1 
1 b 
1 TT 
1 1 
1 b 
1 TT 
b b 
b TT 
ir-rr 
7TTT 
KIN .£C .00 
SNA .81 -.00 -.00 .02 
OEI -.00 -. 20 -.00 
TOT .21 - .00 - . to 1 .00 
KIN .53 .53 
SNA .24 -.91 .01 -.66 
OEI .0 1 -.23 - .03 
TOT .24 .CI -.36 -.11 
KIN .02 .02 
SNA -.34 1.42 -.01 1.07 
OEI .00 -.21 -.21 
TOT -.34 .00 1.23 .89 
KIN . C0 .00 
SNA .06 -.04 . &0 .02 
OEI .00 -.01 -.01 
TOT .06 .00 -.05 .01 
KIN .76 .76 
SNA 6.12 -.13 -.13 5.86 
OEI .04 -.05 -.01 
TOT e. 12 .04 .45 6.61 
KIN 8.55 3.55 
SNA 
CNJ 00 <r i 3.10 -3.44 -5.15 
OEI 1.03 -.13 .90 
TOT -4.82 1.03 8.08 4.30 
KIN .00 .60 
SNA 1.56 - .61 . 10 1.05 
OEI .07 -.01 .06 
TOT 1.56 .07 -.52 1.11 
KIN _ 19.05 -19.05 
SNA -2.57 3.31 3.31 4.05 
OEI 
-10.62 .37 -10.26 
TOT 
-2.57 -10.62 -12.^6 -25.26 
KIN .00 .00 
SNA 
-1.95 -.52 -.17 -2.63 
OEI 
-.07 -.50 -.57 
TOT 
-1.95 -.07 -1.19 -3.20 
KIN _ 15.27 -15.27 
SNA .64 3.21 3.21 7.07 
OEI 
-5.69 .26 -5.43 
TOT .64 -5.69 -3.59 -13.64 
KIN .ce .00 
SNA .30 -. 11 -. 1 1 .07 
OEI - .23 -.04 -.07 
TOT .30 - .03 -.27 
- .00 
KIN -30.54 
-30.54 
SNA -5.72 7.09 7.09 8.45 
OEI -19.93 -2.09 -22.02 
Figure 13. (Continued) 
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TOT 
Î:.e.-.ùï I 
-.-rej.otion Cuasi- -sharing -'ot-1 
PRK PRC Classical Penetration Interference 
?C. KIN 0.27 20.LO 
K KA 0.55 -33.02 , -33.2? 
OKI 6.52 lli.Sl 1:>11 3p.%. 
TuT 7.34 1.3Ô 14.11 22.64 
KIN -3o « 11 -3^.11 
. . SNA -L.15 D.83 6.23 Vol 
3ond OEI -19.4V -2.19 -21.b? 
TuT -4.15 "19.49 -24.63 -40.27 
KIÎT 0.54 aO. 80 -3o.il 
SNA 1.10 -67.64 -L.15 6.83 6.63 -57.03 
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Figure 14. Binding energy decomposition and description of 
electron distribution for BMAO approximation 
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INTER-ATOMIC CONTRIBUTIONS TO BINDING ENERGY 
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Figure 15. Binding energy decomposition and description of 
electron distribution for Fg, SAO approximation 
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INTER-ATOMIC CONTRIBUTIONS TO BINDING ENERGY 
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Figure 16. Binding energy decomposition and description of 
electron distribution for F^. BAG approximation 
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